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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates generally to methods, apparatus and compositions for n^ng plastic ler^es. 

It is conventional in the art to produce optical lenses by thermal curing techniques from the polymer of diethylene 
glycol bis(allyl)-cartx)nate (DEG-BAC). 

The polymer of DEG-BAC exhibits desirable optical and mechanic^ properties. These properties include high light 
transmission, high clarity, and high index of refraction together with high abrasion and impact resistance. These prop- 
w erties in the past made DEQ-BAC one of the leading monomers in the manufacture of high quality lenses, face shields, 
sun and safety glasses. Other properties of DEG-BACi however, such as its slow rate of polymerization, make it an 
undesirable monomer in the manufacture of these items. Moreover, DEG-BAC, without any additives or co-ntonomers, 
produces a hard but somewhat brittle polymer that is very prone to cracking. In addition. DEG-BAC. without additives, 
tends to adhere tightiy to the lens forming molds, often leading to craddng of the molds. 
15 In addition, the thermal curing techniques for polymerizing DEG-BAC to produce opticaMenses have several disad- 
vantages and drawbacks. One of the most significant drawbad® is that it may take approodnnately 12 hours to produce 
a lens according to thermal curing techniques. A lens forming mold, therefore, can produce at most two lenses per day. 

Moreover, thennal curing techniques employ a thermal catalyst so that a polymerizable mixture of DEG-BAC and 
catalyst will slowly polymerize even while refrigerated. The polymerizable mixture therefore has a very short shelf life 
20 and must be used within a short time or it will harden in its container. 

Furthermore, the thermal catalysts utilized according to the thennal curing techniques are quite volatile and dan- 
gerous to wori^ with, thus requiring extreme care in handling. 

Curing of a lens by ultraviolet light presents certain problenns tiiat must be overcome to produce a viable lens. Such 
problems include yellowing of the lens, craddng of the lens or mold, optical distortions in the lens, and premature 
25 release of the lens from the mold. 

European Patent Application 0 322 353 A2 discloses a method and apparatus for curing a photocurable plastic 
material by inadiating a central part of a mold cavity, one surface of which is made of light transmitting material, and 
then enlarging a ring of light until the lighted area reaches the periphery of the cavity, thereby curing the eitire material. 
The present invention is directed to methods, apparatus and conrpositions for making plastic lenses that overcome 
30 the disadvantages and drawbacks of the prior art. 

SUMMARY OF THE INVENTION 

The present invention provides methods, apparatus and compositions for making plastic lenses, such as optical 
35 lenses for use in eyeglasses and the like. 

In one ennbodiment of the present invention, a metiiod for making plastic lenses is provided in which a polymeriz- 
able lens fomiing material is dfeposed in a mold cavity d^ined in part between a first mold menber and a second mold 
member spaced apart from each other by a gasket. Rays of ultraviolet light are directed against erttier or both of the first 
and second mold members or the gasket In a preferred embodiment, the first and second mold members are cooled. 
40 In another preferred embodiment, the ultraviolet light is filtered before it impinges on eitiier or both of the first and sec- 
ond mold members. 

In ariotiier embodiment of the present invention, an apparatus is provided for making plastic lenses which includes 
a first mold member and a second mold member spaced apart by a gasket, wherein the first and second mold members 
define a mold cavity The apparatus indudes a generator for generating and directing ultraviolet light against at least 

45 one of the first and second mold members. Alternatively, the apparatus indudes a generator for generating and direct- 
ing ultraviolet light against the gasket The apparatus may also indude a means for preventing tiie transmission of ultra- 
violet light through the first and second mold members. In addition, tiie apparatus may indude a filter for filtering the 
ultraviolet light. The filter may be disposed between the generator for generating and directing ultraviolet light and the 
first mold member, and l>etween the generator for generating and directing ultraviolet light and the second mold mem- 

50 ber. The apparatus may indude a fluid (e.g. air) distributor or a liquid bath for cooling the first and second mold mem- 
bers. 

In another enixxiiment of the invention, the lens forming material may be cooled at relatively low temperatures 
while being exposed to ultraviolet ("UNT) light The lens forming material may be cooled by directing various fkjwrates 
of cooling air towards the mold members. The mold members themselves may be made thinner or thicker to achieve 
55 optimum lens curing results. Different lens curvatures may be nrade from the same mold members by varying the UV 
intensity patterns on the moW members during cure of the lens forming material. Hardness, cure and rigidity of the 
lenses made as described above may be inproved by demdding the lenses and then subjecting ttie lenses to high 
intensity UV light and/or heating. 
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In still another embocGment of the pr^ent Invention, a photoinitiator is prcvided which Includes methyl benzoyifor- 
mate. The photoinitiator may be used with a composition that includes at least one potyethylenic-functional monomer 
containing two ethylenically unsaturated groups selected from acrylyl and methacrylyl. The photoinitiator may be used 
with a composition ttat includes at least one pdyethylenic-functional nrtonomer containing three ethylenically unsatu- 
rated grouf^ selected from acrytyl and methacrylyl. The compositions may include an aroiratic containing bis(allyl car- 
bonate)-functional monomer such as bisphenol A bis (allyl carbonate). The compositions may include 1 ,6 hexanediol 
dimethaaylate, trimethylolpropane triacrylate. tetraethylene glycol diacrylate and/or tripropylene glycol diacrylate. In a 
prefen'ed embodiment, the composition photoinitiator also includes 1-hydroxycyclohexyl phenyl ketone. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The above brief description as well as further objects, features and advantages of the methods, apparatus and 
compositions of the present invention will be more fully appreciated by reference to the following detailed description of 
presentiy preferred but nonetheless illustrative embodiments in accordance with the present invention when taken in 
conjunction with the accompanying drawings in which: 



Fig. 1 

Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9 



s a perspective view of an apparatus for producing a plastic lens according to the present invention; 

is a cross-sectional view of the apparatus of tiie present invention taken along line 2-2 of Rg. 1 ; 

is a cross-sectional view of the apparatus of the present invention taken along line 3-3 of Rg. 2; 

is a detail view of a component of the apparatus of the present inventton; 

s a detail view of a component of the apparatus of the present Invention; 

s a cross-sectional view of a lens cell for use in tiie apparatus of tiie present irtvention; 

s a perspective view of an apparatus for producing a plastic lens according to the present invention; and 

s a perspective view of an apparatus for produdng a plastic lens according to the present invention. 

is a schematic block diagram of an alternate process and system for making and postcuring a plastic lens. 



Fig. 10 is a schematic diagram of an apparatus to apply relatively high intenaty light to a lens or moW assembly. 

Fig. 11 is a top view of a lens holder. 

Fig. 12 is a skie view of the lens holder shown in Rg. 1 1. 



Fig, 13 is a schematic diagram of a lens curing apparatus with a light sensor and controller. 

Fig. 14 is a schematic view of the front of a lens curing apparatus. 

Fig. 1 5 is a schematic view of the side of a lens curing apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While various aspects of the present invention are hereinafter illustrated and described as being particularly 
adapted for the production of a plastic lens for use in eyeglasses, it is to be understood that lenses for other uses can 
also be produced, such as safety glasses as well as lenses having high quality optical use for instrum^ sightings, pho- 
tography and light filtration. 

Therefore, the present invention is not to be limited only to the embodiments illustrated in the drawings, because 
the drawings are merely illustrative of the wide variety of specific embodiments of the present invention. 

Referring now to Rg. 1, a plastic lens curing chamber of tiie present invention is generally indicated by ttie refer- 
ence numeral 10. The lens curing chantjer 10 communicates through a plurality of pipes 12 vwth an air source (not 
shown), the purpose of which will be discussed below. 

As shown in Rg. 2, the plastic lens curing chamber 10 may include an upper lamp chamber 14. an inadiation cham- 
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ber 16, and a lower lamp chamber 18. Ihe upper lanrp chamber 14 may be separated from the irradiation chamber 16 
by a plate 20. The lower lamp chamber may be separated from the irradiation chamber 1 6 by a plate 22. The upper ^amp 
chamber 14. the inBdiation chamber 16, and the lower lamp channber 18 may be isolated from ambient air by means of 
upper lamp chamber doors 24. irradiation chamber doors 26. and lower lamp chamber doors 28. respectively. While the 

5 upper lamp chamber doors 24. the irradiation chamber doors 26 and the lower lamp chamber doors 28 are shown in 
Rg. 1 as including two corresponding door members, those of ordinary skill in the art will recognize that the doors 24. 
26 and 28 may comprise a single door member. The upper lamp chamber doors 24, the irradiation chamber doors 26 
and the lower lamp chamber doors 28 may be slidingly mounted in guides 30, As shown in Rg. 2, vents 32 may com- 
municate with upper lamp chamber 14 and lower lanrp chamber 18 by way of corresponding vent chambers 34 and 

10 openings 36 disposed in plate 20 and plate 22. Each vent 32 may be shielded by a vent cover 38. 

As shown in Rg. 3. vents 33 may be disposed in the inradiatlon chamber doors 26 and communicate with irradiation 
chamber 1 6. Each vent 33 may be shielded by a vent cover 35. 

As shown in Rgs. 2 and 3, a plurality off light generating devices or lamps 40 may be disposed within each of upper 
lamp chamber 14 and lower lamp chamber 18. Preferably, upper lanp chamber 14 and lower lamp chamber 18 each 

15 include three lamps 40 that are an^nged in a triangular fashion in which the lamps 40 in the upper lamp chamber 14 
are disposed with the point of the triangle pointing upwards whereas the lamps 40 in the lower lanrp chamber 18 are 
disposed with the point of the triangle pointing downward. The lamps 40, preferat5ly. generate ultraviolet light having a 
wavelength in the range of approximately 300 nm to 400 nm since the effective wavelength spectrum for curing the lens 
forming material lies in the 300 nm to 400 nm region. The lamps 40 may be supported by and electrically connected to 

20 suitable fixtures 42. 

An exhaust fan 44 may communicate with upper lamp chamber 14 while an exhaust fan 46 may communicate with 
lower lamp chamber 18. 

As noted above, the upper lamp chamber 14 may be separated from the inBdiation chamber 16 by plate 20. Simi- 
larly, lower lamp chamber 18 may be separated from the irradiation chamber 16 by plate 22. The plates 20 and 22 may 

25 include apertures 48 and 50. respectively through which the light generated by lamps 40 may be directed so as to 
inpinge upon a lens cell 52 (shown in phantom in Rg. 2). The diameter of the lens cell 52 according to the present 
invention. preferaWy, is approximately 74 mm. The apertures 48 and 50 preferably range from about 70 mm to about 
140 mm. An upper light filter 54 rests upon plate 20 while a lower light fnter 56 rests upon plate 22 or is supported by 
brackets 57. The upper light filter 54 and lower light filter 56 are shown in Rg. 2 as being comprised of a single filter 

30 membei^, however, those of ordinary skill in the art will recognize that each of the upper light filter 54 and lower light filter 
56 may be comprised of two fflter members. The components of upper light filter 54 and lower light filter 56 preferably 
are modified depending upon the characteristics of the lens to be molded. For instance, in a preferred embodiment for 
making negative lenses, the upper light filter 54 includes a plate of Pyrex glass that is frosted on both sides resting upon 
a plate of clear Pyrex glass. The lower ligfit filter 56 includes a plate of Pyrex glass frosted on one side re^ng upon a 

35 plate of clear Pyrex glass witti a device for reducing the intensity of ultraviolet light incident upon the center portion in 
relation to the edge portion of the lens being disposed between the plate of frosted Pyrex and the plate of clear Pyrex 
glass. 

Conversely, in a prefen-ed an'angement for producing positive lenses, the upper light filter 54 includes a plate of 
Pyrex glass frosted on one or both sides and a plate of clear Pyrex glass resting upon the plate of frosted Pyrex glass 

40 with a device for reducing the intensity of ultraviolet light incident upon the edge portion in relation to tiie center portion 
of the lens being disposed between tiie plate of dear Pyrex glass and the plate of frosted Pyrex glass. The lower light 
filter 56 includes a plate of clear Pyrex glass frosted on one side resting upon a plate of clear Pyrex glass witii a device 
for reducing tiie intensity of ultraviolet light incident upon the edge portion in relation to the center portion of the lens 
being disposed between the plates of clear Pyrex glass. In this anrangement. in place of a devfce for reducing the rela- 

45 five intensity of ultraviolet light incident upon the edge portion of tiie lens, the diameter of the aperture 50 can be 
reduced to achieve the same result, i.e. to reduce the relative intensity of ultraviolet light incident upon the edge portion 
of tiie lens. 

It will be apparent to those skilled in tfie art that each filter 54 or 56 could comprise a plurality of filter members or 
comprise any other means or device effective to reduce the light to its desired intensity, to diffuse the light and/or to cre- 
50 ate a light intensity gradient across the lens cell 52. 

Preferably, the upper light filter 54 or the lower light filter 56 each comprise at least one plate of Pyrex glass having 
at least one frosted surface. Also, either or both of the upper light filter 54 and the lower light filter 56 n^y include more 
than one plate of Pyrex glass each frosted on one or both surfaces, and/or one or more sheets of tracing paper. After 
passing through fro^ed Pyrex glass, the ultravfolet light is belie/ed to have no sharp intensity discontinuities which is 
55 believed to lead to a reduction in optical distortions in the finished lens. Those of ordinary skill in the art will recognize 
that other means may be us&A to diffuse the ultraviolet light so that it has no sharp intensity cfiscontinuities. 

Disposed within the irradiation chamber 16 are a left stage 58, a center stage 60, and a right stage 62, each of 
which includes a plurality of steps 64. The left stage 58 and center stage 60 define a left irradiation chamber 66 while 
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the righl stage 62 and center stage 60 define a right inBdiation chamber 68. A cell holder 70. ^own in phantom In Rg. 
2 and in detail in Fig. 4, may be disposed within each of left irradiation chamber 66 and right inadiation chamber 68. 
The cell holder 70 includes a peripheral step 72 that is designed to allow a cell holder 70 to be supported upon comple- 
m&Ttary steps 64 of left stage 58 and center stage 60. and center stage 60 and right stage 62. respectively. As shown 

5 in Fig. 4. each cell holder 70 also indudes a central bore 74 to allow the passage therethrough of ultraviolet light from 
the lamps 40 and an annular step 76 which is designed to support a lens cell 52 in a manner described below. 

As shown in Rg. 6. each lens cell 52 includes opposed mob members 78, separated by an annular gasket 80 to 
define a lens molding cavity 82. The opposed mold members 78 and the annular gasket 80 may be selected in a man- 
ner to produce a lens having a desired diopter. 

10 The mold members 78, preferably, are formed of any suitable material that will pemnit rays of ultraviolet light to pass 
therethrough. The mold merrtoers 78. preferably, are formed of glass. Each mold member 78 has an outer peripheral 
surface 84 and a pair of opposed surfaces 86 and 88 with the surfaces 86 and 88 being precision ground. Preferably 
the mold menrdjers 78 have desirable ultraviolet light transmission characteristics and both the casting surface 86 and 
non-casting surface 88 preferably have no surface abenations, waves, scratches or other defects as these may be 

15 reproduced in the finished lens. 

As noted above, the mold members 78 are adapted to be held in ^saced apart relation to define a lens molding cav- 
ity 82 between the facing surfaces 86 thereof. The mold members 78 are held in a spaced apart relation by a T-shaped 
flexible annular gasket 80 that seals the lens molding cavity 82 from the exterior of the mold members 78. In use, the 
gasket 80 is supported on the annular step 76 of the cell holder 70. 

20 In this manner, in the embodiment of the present invention that is illustrated in Fig. 6 the upper or back moW mem- 
ber 90 has a convex inner surface 86 while the lower or front mold mender 92 has a concave inner surface 86 so that 
the resulting lens molding cavity 82 is shaped to form a lens with a desired configuration. Thus, by selecting the mold 
members 78 with a desired surface 86, lenses with different characteristics, such as focal lengths, may be made by the 
apparatus 10. Such techniques are well known to those skilled in the art, and will therefore not be further discussed. 

25 Rays of ultraviolet light emanating from lamps 40 pass through the mold members 78 and act on a lens forming 
material disposed in the mold cavity 82 in a manner discussed below so as to form a lens. As noted above, the rays of 
ultraviolet light pass through a suitable filter 54 or 56 to impinge upon the lens cell 52. 

The mold members 78, preferably, are formed from a material that will not allow ultraviolet radiation having a wave- 
length below approximately 300 nm to pass therethrough. Suitable materials are Schotl Crown. S-1 or S-3 glass man- 

30 ufactured and sdd by Schott Optical Glass Inc.. of Duryea. Pennsylvania or Corning 8092 glass sold by Corning Glass 
of Corning, New \brk. 

The annular gasket 80 may be formed of vinyl material that exhibits good lip finish and maintains sufficient flexibility 
at conditions throughout the lens curing process. In a preferred embodiment, the annular gastet 80 is fonned of silicone 
rubba* material such as GE SE6035 which is commercially available from General Electric. In another preferred embod- 

35 iment the annular gasket 80 is formed of copolymers of ethylene and vinyl acetate which are commercially available 
from E. I. DuPont de Nemours & Co. under the trade name ELVAX® . Preferred ELVAX® resins are ELVAX® 350 having 
a melt index of 17.3-20.9 dg/min and a vinyl acetate content of 24.3-25.7 wl %. ELVAX® 250 having a melt index of 
22.0-28.0 dg/min and a vinyl acetate content of 27.2-28.8 wL %, ELVAX® 240 having a melt index of 38.0-48.0 dg/min 
and a vinyl acetate content of 27.2-28.8 wt %. and ELVAX® 150 having a melt index of 38.0-48.0 dg/min and a vinyl 

40 acetate content of 32.0-34.0 wt. %. Regardless of the particular material, the gaskets 80 may be prepared by conven- 
tional injection molding or compression molding techniques which are well-known by those of ordinary skill in the art. 

As shown in phantom in Fig. 2. in section in Fig. 3. and in detail in Fig. 5. an upper and lower air distribution device 
94 is disposed in each of left irradiation chamber 66 and right irradiation chamber 68. Each air distribution device 94 is 
connected to a pipe 12. As shown in Fig. 5. each air distrSxition device 94 includes a plenum portion 95 and a cylindrical 

45 opening 96 having orifices 98 disposed theran to allow for the expulsion of air from the air distribution device 94. The 
diameter of the orifices 98 varies around the circumference of cylindrical opening 96 preferably reaching a maximum 
when directly opposite the plenum portion 95 of air distribution device 94 and preferably reaching a minimum immedi- 
ately adjacent the plenum portion 95. In additiwi, the orifices 98 are designed to blow air toward a lens cell 52 that may 
be disposed in a lens cell holder 70 arxJ installed in left inradiation chancer 66 or right inadiation cfmmber 68. 

50 In operation, the apparatus of the present invention may be appropriately configured for the production of positive 
lenses which are relatively thick at the center or negative lenses which are relatively thick at the edga To reduce the 
likelihood of premature release, tiie relatively thick portions of a lens preferably are polymerized at a faster rate than the 
relatively thin portions of a lens. 

The rate of polymerization taking place at various portions of a lens may be controlled by varying the relative inten- 

55 sity of ultraviolet light inddent upon particular portions of a lena The rate of polymerization taking place at various por- 
tions of a lens may also be controlled by directing air across the mold members 78 to cod the lens cell 52. 

For positive lenses the intensity of incident ultraviolet light, preferably, is reduced at the edge portion of tiie lens so 
that the thicker center portion of the lens polyma-izes faster than the ttiinner edge portion of tiie lens. Conversely, for a 
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negative lens, the intensity of incident ultraviolet light. preferal3ly, is reduced at the center portion of the lens so that the 
thicker edge portion of the lens polymerizes faster than the thinner center portion of the lens. For either a positive lens 
or a negative lens, air may be directed across the faces of the mold members 78 to cool ttie lens cell 52. As the overall 
intensity of incident ultraviolet light is increased, more cooling is needed which can be accomplished by either or both 

5 of Increasing the velocity of the air and reducing the temperature of the air. 

It Is well known by those of ordinary skiil in the art that lens forming materials having utility in the present invention 
tend to shrink as they cure. If the relatively thin portion of a lens is allowed to polymerize before the relatively thick por- 
tion, the relatively thin portion will tend to be rigid at the time the relatively thick portion cures and shrinks and the lens 
will either release prematurely from or crack the mold members 78. Accordingly, when the relative intensity of ultraviolet 

10 light incident upon the edge portion of a positive lens is reduced relative to the center portion, the center portion polym- 
erizes faster and shrinks before the edge portion is rigid so that the shrinkage is more uniform. Conversely, when the 
relative intensity of ultraviolet light Incident upon the center portion of a negative lens is reduced relative to the edge 
portion, the edge portion polymerizes taster and shrinks before the center becomes rigid so that the shrinkage is more 
uniform, 

75 According to the present invention, the variation of the rdative intensity of ultraviolet light inddent upon a lens may 
be accomplished in a variety of ways. According to one method, in the case of a positive lens, a ring of opaque material 
may be placed between the lamps 40 and the lens cell 52 so that the incident ultraviolet light falls mainly on the thicker 
center portion of the lens. Conversely, for a negative lens, a disk of opaque material may be placed between the lamps 
40 and the lens cell 52 so that the inddent ultraviolet light falls mainly on the edge portion of the lens. 

20 According to another method, in the case of a negative lens, a sheet material having a variable degree of opacity 
ranging from opaque at a central portion to transparent at a radial outer portion is disposed between the lamps 40 and 
the lens cell 52. Conversely, for a positive lens, a sheet material having a variable degree of opacity ranging from trans- 
parent at a central portion to opaque at a radial outer portion is disposed between tiie lamps 40 and tiie lens cell 52. 
According to still another method, a plurality of ultraviolet-light absorbing geometric or random shapes are printed 

25 and arranged on a sheet material. In the case of a positive lens, the density of the shapes is greatest at a radial outer 
portion while the density of the shapes is smallest at a central portion of the pattern. Conversely, in the case of a neg- 
ative lens, the density of the shapes Is smallest at a radial outer portion while tiie density of the shapes is greatest at a 
central portion of tiie pattern. 

Those of ordinary skill in the art will recognize tiiat there are a wide variety of .technkjues otiier than those enumer- 

30 ated above for varying the intensity of the ultraviolet light incident upon the opposed mold members 78. 

TTie intensity of the incident light has been measured and determined to be approximately 3.0 to 5.0 milliwatts per 
square centimeter (mW/cm^) prior to passing through either the upper light filter 54 or the lower light filter 56 and tiie 
total intenaty at tiie thickest part of the lens ranges from 0.6 to 2.0 mW/cm? while ttie intensity at the thinnest portion 
of tiie lens ranges from 0.1 to 1 .5 mW/cm^. It has also been determined that the overall light intensity incklent on the 

35 lens cell 52 has less of an inpact on the final product ttian tiie relative light intensity inddent upon ttie thick or thin por- 
tions of tiie lens so long as the lens cell 52 is sufficlentiy cooled to reduce the polymerization rate to an acceptable level. 

According to ttie present invention, it has been determined ttiat tiie f infehed power of an ultraviolet light polymerized 
lens may be controlled by manipulating ttie distribution of ttie incident ultraviolet light striking ttie opposed mold mem- 
bers 78. For instance, for an identical combination of mold members 78 and gasket 80, ttie focusing power of the pro- 

40 duced lens may be increased or decreased by changing the pattern of intensity of ultravk5let light aaoss ttie ler^ mold 
cavity 82 or tiie faces of ttie opposed moM members 78. 

As ttie lens forming material begins to cure, it passes through a gel state, the pattern of which wiUiln ttie lens cell 
52 leads to the proper distribution of internal stresses generated later in ttie cure when the lens forming material begins 
to shrink. 

45 As the lens forming material brinks during ttie cure, the opposed moW members 78 will flex as a result of the dif- 
ferent amounts of shrinkage between ttie relatively thick and tiie relatively ttiin portions of ttie lens. When a negative 
lens, for example, is cured, the upper or back mold member 90 will flatten and the lower or front moW member 92 will 
steepen witfi most of tfie flexing occurring in ttie lower or front mold member 92. Conversely, witii a positive lens, the 
upper or back mold member 90 will steepen and tiie lower or front moW member 92 will flatten witti most of the flexing 

50 occurring in the upper or back moki member 90. 

By varying the intensity of ttie ultravidet light between ttie relatively thin and ttie relatively tiiick portions of tiie lens 
in ttie lens forming cavity 82, It is possible to create more or less total flexing. TTiose light conditions which result in less 
flexing will minimize tiie possibi% of premature release 

The Initial cunrature of ttie opposed moW members 78 and the center ttiickness of the lens produced can be used 

55 to conpute tiie ttieoretical or precficted power of ttie lens. Ttie ultraviolet light conditions can be manipulated to after the 
power of the lens to be more or less than predicted. For example, when a disk of opaque material is positioned between 
the lower lamp chancer 18 and tiie lens cell 52. less total flexure is observed. The greater tiie diameter of the disk of 
opaque material, ttie more negative (-) power ttie resultant lens will exhibit 
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When the tenses cured by the uttraviolet fight are rerrxived from the opposed mold members 78. they are under a 
stressed condition, ft has been detenmined that the power of the lens can be brought to a f inaf resting power, by sub- 
jecting the lenses to a post-curing heat treatment to retieve the internal stresses devefoped during the cure and cause 
the curvature of the front and the back of the lens to shift Typicafly. the fenses are cured by the ultraviolet light in about 
10-30 minutes (preferably about 15 minutes). The post-curing heat treatment is conducted at approximately 85-120°C 
for approximately 5-1 5 minutes. Preferably, the post-curing heat treatment Is conducted at 1 00-1 1 0^C for approximately 
1 0 minutea Prior to the post-cure, the lenses generally have a lower power than the final resting power. The post-curing 
heat treatment reduces yellowing of the lens and reduces stress in the lens to alter the power thereof to a final power. 
The post-curing heat treatment can be conducted in a conventional convection oven or any other suitable device. 

According to the present invention, the ultraviolet lamps 40 preferably are maintained at a temperature at which tiie 
lamps 40 deliver maximum output Tlie lamps 40. preferably, are cooled because ttie intensity of the light produced by 
the lamps 40 fluctuates when the lamps 40 are allowed to overheat. In the apparatus of the present Invention depicted 
in Fig. 2, the cooling of the lamps 40 is accomplished by sucking ambient air into the upper lamp chamber 14 and lower 
lamp chamber 18 through vent 32, vent chambers 34 and openings 36 by means of exhaust fans 44 and 46. respec- 
tively. Excessive cooling of tiie lamps 40 should be avoided, however, as ttie intensity of the fight produced by tiie lamps 
40 is reduced when the lamps 40 are cooled to an excessive degree. 

As noted above, according to the present invention, the lens cell 52, preferably, fs cooled during curing of the lens 
forming material as the overall intensity of tiie incident uttraviolet light is increased. Cooling of the lens cell 52 generally 
reduces the lil^lihood of premature release by slowing the reaction and inproving adhesion. There are also improve- 
ments in the optical quality, stress characteristics and impact resistance of the lens. Cooling of the lens cell 52. prefer- 
ably, is accomplished by blowing air across tiie lens cell 52. The air preferably has a temperature ranging between 15 
and 85**F (about -9.4*C to 29.4**C) to allow for a curing time of between 30 and 10 minutes. The air distribution devices 
94 depicted in Fig. 5 have been found to be particularly advantageous as they are specifically designed to direct air 
directiy across the surface of the opposiad mold members 78. After passing across the surface of tiie opposed mold 
members 78. the air emanating from tiie air distribution devices 94 is vented through vents 33. Alternately the air ema- 
nating from the air distribution devices 94 may be recycled back to an air cooler 312. such as is shown in Rgure 9. 

The lens cell 52 may also be cooled by disposing the tens cell in a liquid cooling batii. 

The opposed mold members 78. preferably, are thoroughly cleaned between each curing run as any cOrt or other 
impurity on the mold members 78 may cause premature release. The moid members 78 are cleaned by any conven- 
tional means well known to those of ordinary skill in the art such as with a domestic cleaning product i.e. Mr Clean® 
available from Proctor and Gan^le. Those of ordinary skill in ttie art will recognize, however, that many ottier techniques 
may also be used for cleaning the nx)Id members 78. 

Yellowing of the finished lens may be related to the monomer composition, ttie identity of ttie photoinitiator and the 
concentiation of the photoinitiator. 

When casting a lens, particularly a positive lens that is tiiick in the center, cracking may be a problem. Addition 
polymerization reactions, including photochemical addition polymerization reactions, are exottienmic. During the proc- 
ess, a large temperature gradient may build up and the resulting stress may cause the lens to aade 

When the polymerization reaction proceeds too rapidly, heat buildup inside the system which leads to cracking is 
inevitable. The likelihood of cracking increases as the temperature difference between the center of the lens forming 
material and room temperature increases. During the polymerization process, several forces tending to crack tiie lens, 
such as shrinkage, adhesion, and tiiermat gradients, are at work. Other forces tending to crack the lens may occur 
when the irradation is stopped and the lens is cooled, especially if the lens cell 52 is altowed to cool too quickly 

The formation of optical distortions usually occurs during the early stages of the polymerization reaction during the 
transformation of the lens forming composition from the liquid to the gel state. Once patterns leading to optical distor- 
tions form tiiey are difficult to eliminate. When gelation occurs ttiere is a rapid temperature rise. The exothermic polym- 
erization step causes a temperature increase, which in turn causes an increase in the rate of polymerization, which 
causes a further increase in temperature. If ttie heat exchange with tiie surroundings is not sufficient enough there will 
be a runaway situation that leads to premature release, tiie appearance of ttiermally caused striations and even break- 
age. Since the rate of polymerization increases rapidly at ttie gelation point, this is an important phase of the reaction. 

Accordingly, it is prefen-ed that the reaction process be smootti and not too fast but not too slow. Heat is preferably 
not generated by tfie process so fast that it cannot be exchanged with ttie surroundings. TTie Incident utttaviolet light 
intensity preferably is adjusted to allow ttie reaction to proceed at a desired rate. It is also prefen-ed ttiat ttie seal 
between tiie annular gasket 80 and ttie opposed mold members 78 is as complete as possible. 

Factors that have been found to lead to ttie production of lenses that are free from optical distortions are (1 ) achiev- 
ing a good seal between ttie annular gasket 80 and ttie opposed mold members 78; (2) using mold members 78 having 
surfaces ttiat are free from defects; (3) using a fomiulation having an appropriate type and concentration of photoiniti- 
ator ttiat will produce a reasonable rate of temperature rise; and (4) using a homogeneous formulation. Preferably, 
these conditions are optimized. 
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Premature release of the lens from the mdd will result in an incompletely cured lens and the production of lens 
defects. Factors that contnljute to premature release are (1) a poorty assemljled lens cell 52; (2) the presence of air 
bubi)les around the sanple edges; (3) imperfection in gasket fp or mold edge; (4) inappropriate formulation; (5) uncon* 
trolled temperature rise; and (6) high or nonuniform shrinkage. Preferably, these conditions are minimized. 

Premature release may also occur when the opposed mold ntembers 78 are held too rigidly by the annular gasket 
80. Preferably, there is sufftdent flexibility In the annular gasket 80 to permit the opposed mold members 78 to follow 
the lens as it shrinks. Indeed, the lens must be allowed to shrink in diameter slightly as well as in thickness. The use of 
an annular gasket 80 that has a reduced degree of stiddness with the lens during and after curing is therefore desirable. 

In a prefenred technique for filling the lens molding cavity 82. the annular gasket 80 is placed on a concave or front 
mold member 92 and a convex or back mold member 90 is moved into place. The annular gasket 80 is then pulled away 
from the edge of the back mold member 90 at the uppermost point and a lens fbrnting composition is injected into the 
lens molding cavity 82 until a smalt amount of the lens forming composition is forced out around the edge. The excess 
is then removed, preferably, by vacuum. Excess liquid that is not removed could spill over the tace of the back moid 
member 90 and cause optical distortion in the finished lens. 

Despite the above problems, the advantages offered by the radiation cured lens molding system clearly outweigh 
the disadvantages. The advantages of a radiation cured system include a significant reduction in energy requirements, 
curing time and other problems normally assodated with conventional thernml systems. 

According to the present invention, the lens forming material can comprise any suitable liquid monomer or mono- 
mer mixture and any suitable photosensitive Irvtiator. The lens forming material, preferably, does not indude any com- 
ponent, other than a photoinitiator. that absorbs ultraviolet light having a wavelength in the range of 300 to 400 nm. The 
liquid lens forming material, preferably, is filtered for quality control and placed in the lens molding cavity 82 by pulling 
the annular gasket 80 away from one of the opposed mold members 78 and injecting the liquid lens forming material 
into the lens molding cavity 82. Once the lens molding cavity 82 is filled with such material, the annular gasket 80 is 
replaced into its sealing relation with the opposed mokJ menders 78. The material can then be inradiated with ultravidet 
light in the manner described above for a time period that is necessary to cure the lens forming material, preferably 
approximately 10 to approximately 30 minutes. The ultraviolet light entering the lens molding cavity 82 preferably has a 
wavelength in the range of approximately 300 nm. to approximately 400 nm. 

Those skilled in the art will recognize that once the cured lens is removed from the lens molding cavity 82 by dis- 
assembling the opposed mold members 78. the lens can be further processed in a conventional manner, such as by 
grinding its peripheral edge. 

According to the present invention a polymerizable lens forming composition comprises an aromatic-containing 
bis(ailyl carbonate)-functional monomer and at least one pdyethylenic-fonctional monomer containing two ethylenically 
unsaturated groups selected from acrylyl and methacrylyl. In a preferred embodiment, the composition further com- 
prises a suitable photdnltiator. In other preferred embodiments, the conposition may include one or more polyethyl- 
enic-f unctional monomers containing three ethylenically unsaturated groups selected from acrylyl and methacrylyl, and 
a dye. 

Aromatic-containing bis(allyl cart)onate)-functional monomers which can be utilized in the practice of the present 
invention are bis(allyl cartwnates) of dihydroxy aromatic-containing material. The dihydroxy aromatic-containing mate- 
rial from which the monomer is derived may be one or more dihydroxy aromatic-containing compounds. Preferably the 
hydrQxyl groups are attached directly to nuclear aromatic cariaon atoms of the dihydroocy aromatic-containing com- 
pounds. The monomers are themselves known and can be pr^red by procedures well known in the art 

The aromatfo-containing bis(allyl cartx)nate)-functional nranomers can be represented by the fomiula: 

Ro ^ 
CH2=CCH2 OCO-Ai-OCOCH2C=CH2 (I) 
O O 

in which A^ is the divalent radical derived from the dihydroxy aromatic^ontaining material and each Rq is independently 
hydrogen, halo, or a C1-C4 alkyi group. The alkyi group is usually methyl or ethyl. Examples of Rq include hydrogen, 
chloro, bromo. fluoro, methyl, ethyl, n-propyl, isopropyl and n-butyl. Most comnrwnly Rq is hydrogai or methyl; hydrogen 
is preferred. A subclass of the divalent radical A^ which is of particular usefulness is represented by the formula: 
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in which each is independently alky! containing from 1 to about 4 carbon atoms, phenyl, or halo; the average value 
of each a is independently In the range of from 0 to 4; each Q is independently oxy, sulfonyl. alkanediyi having from 2 
to about 4 carbon atoms, or alkylidene having from 1 to about 4 carbon atoms; and the average value of n is in the range 
of from 0 to about 3. Preferably Q is methylethylidene, viz.. isopropylidene. 
15 Preferably the value of n is zera in which case represented by the formula: 



(Ri)a 



20 



(R,) 
I 

0 



(III) 



in which each R^, each a, and Q are as discussed in respect of Formula II. Preferably the two free bonds are both in 
25 the ortho or para positions. The para positions are especially preferred. 

The dihydroxy aromatic-containing compounds from which is derived may also be polyol-functional chain 
extended compounds. Examples of such compounds include alkaline oxide extended bisphenols. Typically the alkaline 
oxide employed is ethylene oxide, propylene oxide, or mixtures thereof. By way of exemplification, when para, para- 
bisphenols are chain extended with ethylene oxkje, the bivalent radical A^ may often be represented by the fonnula: 



(Ri)a (R,)a 
(CHaCHaOj 0 Q O (OCHjCHj)^ (IV) 

35 



Where each R^, each a, and Q are as discussed in respect of Formula II, and the average values of j and k are each 
independently in the range of from about 1 to about 4. 

The preferred aromatic-containing bis(allyl cariDonate)-f unctional monomer is represented by the formula: 



CH3 

CH2=CHCH20CO - O - C - O - OCOCHjCH^CH^ (V) 
O CH, o' 



and is comnrtonly known as bi^henol A bis(ally1 cartx)nate). 

A wide variety of compounds may be used as the polyethylenic functional monomer containing two or three ethyi- 
enically unsaturated groups. The preferred polyethylenic functional conpounds containing two or three ethylenicaily 
unsaturated groups may be generally described as the acrylic acid esters and the methacrylic add esters of alphatic 
55 polyhydric alcohols, such as. for example, the di- and triaoylates and ttie dl- and trimethacryiates of ethylene glycol, 
triethylene glycol, letraethylene glycol, tetramelhyiene glycol, glycidyl, diethyleneglycol. butyleneglycol. propylenegly- 
col, pentanecfiol, hexanediol. trimethylolpropane, and tripropyleneglycol. Examples of specific suitable polyethylenic - 
functional monomers containing two or three ethylenicaily unsaturated groups include trimethylolpropanetriacrylate 
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CTMPTA). tetraethyiene glycol diacrylate OTEGDA), tripropylene glycol diacrylate (TRPGDA). 1.6 hexanedioldimeth- 
acrylate (HDDMA). and hexanedioldiaoryiate (HDDA). 

In general, a photoinitiator for initiating tfie polymerization of the lens forming composition of the present invention, 
preferably, exhibits an ultraviolet absorption spectrum over the 300-400 nm range. High absorptivity of a photoinitiator 
in this range, however, is not desirable, especially when casting a thick lens. The following are exanples of illustrative 
photoinitiator compounds within the scope of the invention: methyl benzoytformate, 2-hydroxy-2-methyl-1-phenylpro- 
pan-1-one, 1 -hydroxycydohexyl phenyl ketone. 2,2-di-sec-butoxyacetophenone, 2.2^iethoxyacetophenone, 2,2- 
diethaxy-2-phenyl-acetophenone, 2,2Kf mettioxy-2-phenyl-acetophenone, benzoin methyl ether, benzoin isobutyl etiier. 
benzoin, benzil, benzyl disulfide, 2,4^hydroxybenzophenone. benzylideneacetophenone. benzophenone and ace- 
tophenone. Preferred photoinitiator compounds are 1 -hydroxycydohexyl phenyl ketone (which is commerdally availa- 
ble from Ciba-Geigy as Irgao^re 1 84). methyl benzoylformate (which is commerdally available from Polysdences. Inc.). 
or mixtures thereof. 

Methyl benzoylformate is a generally preferred photoinitiator because it tends to provide a slower rate of polymeri- 
zation. The slower rate of polymerization tends to prevent excessive heat buildup (and resultant cracking of the lens) 
during pdymerization. In addition, it is relatively easy to mix liquid methyl benzoylformate (which is liquid at ambient 
temperatures) witfi many acrylates, diacryiates. and allyl cartx)nate compounds to form a lens forming composition. 
The lenses produced with tiie methyl benzoylformate photoinitiator terxl to exhibit more favorable stress patterns and 
uniformity 

A strongly absorbing photoinitiator will absorb most of the incident light in the first millimeter of lens thickness, caus- 
ing rapid polymerization in that region. The remaining light will produce a much lower rate of polymerization below this 
deptfi and will result in a lens that has visBWe distortions. An Ideal photoinitiator will exhibit high activity, but will have a 
lower extinction coeffident in tiie useful range. A lower extinction coeffident of photoinitiatore at longer wavelengths 
tends to allow the ultraviolet radiation to penetrate deeper into the reaction system. This deeper penetration of ttie ultra- 
violet radiation allows photoinitiator radicals to form uniformly throughout the sample and provide excellent overall cure. 
Since the sample can be irradiated from both top and bottom, a system in which appredatjie light reaches the center of 
the thickest portion of the lens is preferred. The photoinitiator solubility and compatibility with the monomer system is 
also an important requirement. 

An additional conskleration Is the effect of the photoinitiator fragments in the finished polymer. Some photdnitiators 
generate fragments that impart a yellow color to the finished lens. Altfiough such lenses actually absorb very Irttie viable 
light, tiiey are cosmetically undesiraUe. 

Photoinitiators are often very system specific so tiiat photoinitiators that are efficient in one system may function 
poorly in another. In addition, tine initiator concentration to a large extent is dependent on the incident light intensity and 
the monomer composition. The identity of the initiator and its concentration are important for any particular formulation. 
A concentration of initiator that is too high tends to lead to cracking and yellowing of the lens. Concentrations of initiator 
that are too low tend to lead to incomplete polymerization and a soft material. 

Dyes and/or pigments are optional materials tfiat may be present when high transmission of light is not necessary. 

Ttie listing of optional ingredients discussed above is by no means exhaustive. These and other ingredients may 
be employed in tfieir customary amounts for their customary purposes so long as they do not seriously interfere with 
good polymer formulating practice. 

Accading to a preferred embodiment of tiie present invention, tfie preferred aronmtic-containing bis(allyl cartxjn- 
ate) functional monomer, bisphenol A bis(allyl cart)onate) is admixed witii one or more faster reacting polyetiiylenic 
functional monomers containing two aaylate or mettiacrylate groups such as 1 ,6 hexanediol dimethacrylate (HDDMA). 
1,6 hexanediol diacrylate (HDDA). tetraetirylene glycol diacrylate (TTEGDA). and tripropylene glycol diacrylate 
(TRPGDA) and optionally a polyethylenic functional nrtonomer containing three acrylate groups such as trimetiiylolpro- 
pane triacrylate (TMPTA). Generally, compounds containing acrylate groups polymerize much faster than those con- 
taining allyl groups. 

The lamps 40 generate an intensity at the lamp surface of approximately 4.0 to 7.0 mW/cm^ of ultraviolet light hav- 
ing wavelengths between 300 and 400 nm, which light is very unifonmly distributed without any sharp discontinuities 
throughout the reaction process. Such bulbs are commerdally availafc^e from Syhania under the trade designation Syl- 
vania Ruorescent (F158T/2052) or Sylvania Ruorescent (F258T8/350BLyi8T GTE. As noted above, ultraviolet light 
having wavelengths between 300 and 400 nm is preferred because ttie photoinitiators according to the present inven- 
tion, preferably, absorb most effidentiy at ttiis wavelength and tiie mold members 78. preferably, allow maximum trans- 
mission at tills wavelengtii. 

It is preferred that ttiere be no sharp intensity gradients of ultraviolet radiation either horizontally or vertically 
through tiie lens composition during the curing process. Sharp intensity gradients ttirough the lens may lead to defects 
in the finished len& 

According to one enrtfjodiment of ttie present invention, the liquid lens forming composition indudes bisphenol A 
bis(allyl carbonate) in place of DEG-BAC. The bisphenol A bis(allyl-carbonate) monomer has a higher refractive index 
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than DEG-BAC which allows the production of thinner lenses which is important with relatively thid< positive or negative 
lenses. The bisphenol A bls(aWyl-cartx)nate) monomer is commercially available from PPG Industries under the trade 
name HIRI I or CR-73. Lenses made from this product sometimes have a very slight, barely detectable, degree of yel- 
lowing. A small amount of a blue dye consisting of 9. 10-anthracenedione, 1-hydrQxy-4-[(4-methylphenyl)amino] avail- 
able as Thermoplast Blue 684 from BASF Wyandotte Corp. is preferably added to ttie composition to counteract the 
yellowing. In addition, the yellowing tends to disappear if the lens is subjected to the above-described post-cure heat 
treatment. Moreover, if not post-cured the yellowving tends to disappear at ambient temperature after approximately 2 
months. 

According to a preferred entoodiment. the composition of the present invention includes (a) bisphenol A-bis(allyl 
carbonate); (b) at least one of HDDMA, TTEGDA and TRPGDA; and (c) a photoinitiator. According to this embodiment 
the composition may also include one or both of TMPTA and a dye. 

According to another preferred embodiment, the composition of the present invention includes (a) up to 70 percent 
by weight of bisphenol A bls(allyl carbonate); (b) up to 1 00 percent by weight of HDDM A; (c) up to 1 00 percent by weight 
of TTEGDA; (d) up to 100 percent by weight of TRPGDA; and (e) up to 1 00 percent by weight of TMPTA. Preferably, the 
composition further comprises (f) up to about 1 .0 percent by weight of 1 -hydroxycydohexylphenyl ketone: and (g) up to 
about 1 .2 percent by weight of metiiyl benzoyiformate. Preferably the composition further comprises (h) up to about 1 .0 
parts per million (ppm) of 9,10-anthracenedione, 1-hydroxy-4-[(4-methylphenyl)aminoI. 

According to still another prefen^ed embodiment, the composition of the present invention includes (a) about 15.0 
to about 25.0 percent by weight of Wsphenol A bis{allyl-carbonate); (b) about 8.0 to about 14.0 percent by weight of 
HDDMA; (c) about 1 5.0 to about 25.0 percent by weight of TTEGDA; (d) about 1 7.0 to about 37.0 percent by weight of 
TRPGDA; and (e) about 15.0 to about 25.0 percent by weight of TMPTA. The composition may also include (f) about 
0.003 to about 0.04 percent by weight of 1 -hydroxycydohexylphenyl ketone, (g) about 0.015 to about 0.05 percent by 
weight of methyl benzoyHbrmate, and (h) about 0. 16 to about 0.20 ppm of 9, 1 0-anthracenedione, 1 -hydroxy-4-[(4-meth- 
ylphenyi)amino]. 

According to a further pretended embodiment, the composition indudes 17.0% by weight of bisphenol A bis(allyl 
carbonate), 10.0% by weight of HDDMA, 21.0% by weight of TTEGDA, 32.0% by weight of TRPGDA. and 20.0% by 
weight of TMPTA. The composition may also include 0.0095% by weight of 1 -hydroxycydohexylphenyl ketone, 
0.0356% by weight of methyl benzoyiformate. and 0.16 ppm of 9,10-anthracenedione. 1-hydroxy-4-I(4-methylphe- 
nyl)amino]. 

As discussed above, bisphend A bis(allyl carbonate) has a higher refractive index than DEQ-BAC and thus allows 
the production of thinner lenses when compared to DEG-6AC lenses. 

TTEGDA. available from Sartomer and Radcure. is a diacrylate monomer tiiat. preferably, is induded in the com- 
position because it is a fast polymerizing monomer that reduces yellowing and yields a very clear product If too much 
TTEGDA is induded in the most prefered composition, i.e. greater than about 25% by weight, however, the finished 
lens may be prone to cracking and may be too flexible as this material softens at temperatures above 40**C. If TTEGDA 
is exduded altogether, the finished lens may to be brittie. 

HDDMA, available from Sartomer. is a dimethacrylate monomer that has a very stiff backbone between the two 
methacrylate groups. HDDMA, preferably, is induded in tiie compositron because it yieWs a sliffer pdymer and 
increases the hardness arKJ strength of the finished lens. This material is quite compatible with the bisphenol A bis(allyl 
carbonate) monomer. HDDMA contributes to high temperature stiffness, polymer darity and speed of polymerization. 

TRPGDA, available from Sartomer and Radcure, is a diacrylate monomer that preferably, is included in the com- 
position because it provides good strength and hardness witiiout adding britHeness to the finished lens. This material 
is also stiffer than TTEGDA. 

TWIPTA, available from Sartomer and Radcure, is a triacrylate monomer that, preferably, is induded in the compo- 
sition because it provides more crosslinWng in the finished lens than the difunctional nrranomers. TMPTA has a shorter 
backbone than TTEGDA and increases the high temperature stiffness and hardness of the finished lens. Moreover, this 
material contributes to the prevention of optical distortions in the finished lens, TMPTA also contributes to high shrink- 
age during polymerization. The indusion of too much of tiiis material in the most prefen-ed compoation may make the 
finished lens too brittle. 

Certain of the monomers that are preferably utilized in the composition of the present invention, such as TTEGDA, 
TRPGDA and TMPTA, indude Impurities and have a yellow color in certain of their commerdally available forms. The 
yellow color of these monomers is preferably reduced or removed by passing them through a column of alumina (basic) 
which indudes aluminum oxide powder - basic. After passage through the alumina column, the monomers absorb 
almost no ultraviolet light Also after passage through the alumina cdumn differences between monomers obtained 
from different sources are substantially eliminated. It is preferred, however, that tiie monomers be obtained from a 
source which provides the monomers with the least amount of impurities contained therein. The composition preferably 
is filtered prior to polymerization thereof to remove suspended particles. 

The composition of the present invention, preferably, may be prepared according to the fdlowing protocol. Appro- 



11 



EP0 656 827 B1 



priate amounts of HDDMA, TTEGDA. TMPTA and TRPGDA are mixed and stirred thoroughly, preferably with a glass 
rod. The acrylate/methacrylate mixture may then be passed through a purification column. 

A suitable purification column may be deposed within a glass column having a fitted glass cfisk above a teflon stop- 
cock and having a top reservoir with a capacity of approximately 500 ml and a body with a diameter of 22 mm and a 
length of about 47 cm. The colunrui may be prepared tiy placing on the f itted glass disk approximately 35 g. of activated 
alumina (basic), available from A1J=A Products, Johnson Matthey, Danvers, MA in a 60 mesh form or from AkJrich in a 
150 mesh form. Approximately 10 g. of an inhibitor remover (hydroquinone/methylester remover) available as HR-4 
from Scientific Polymer Products. Inc. , Ontario, then may be placed on top of the alumina and, finally, approximately 
35 g. of activated alumina (basic) may be placed on top of the inhibitor remover. 

Approximately 600 g. of the acrylate/inethacrylate mixture may then be added above the column packing. An over- 
pressure of 2-3 psi may then be applied to the top of the column resulting in a flow rale of approximately 30 to 38 grams 
per hour. Paraf flm may be used to cover the junction of the column tip and the receiving bottle to prevent the infiltration 
of dust and water vapor. The acrylate/methacrylate mixture, preferably, may be received in a container that is opaque 
to ultraviolet radiation. 

An appropriate amount of bisphenol A bis(allyl carbonate) may then be added to the acrylate/methacrylate mixture 
to prepare the final monomer mixture. 

An appropriate amount of a photdnitiator may then be added to the final monomer mixture. The final monomer mix- 
ture, with or without photoinitiator, may then be stored in a container that is opaque to ultraviolet radiation. 

An appropriate amount of a dye may also be added to the final monomer mixture, with or without photoinitiator. 

After edging, the ultraviolet light cured lenses of the present invention demonstrate excellent organic solvent resist- 
ance to acetone, methylethyt ketone, and alcohols. 

Premature release may occur if the tenperature rise of the lens forming composition is uncontrolled. Premature 
release may also occur if the opposed nfx)ld members 78 are held too rigidly by the annular gastet 80. There Is prefer- 
ably suff ident flexibility in the ^skets 80 to permit the mold members 78 to follow the lens as it shrinks. Insufficient seal- 
ing, unsuitable gasket material and/or a small residual amount of uncured material have also been found to contribute 
to premature release failures. 

For best results, both the casting surfaces 86 and non-casting surfaces 88 of the mold members 78 are finished to 
optical quality. For instance, a wave on the non-casting surface 88 may be reproduced in the finished lens as a result of 
the distort'on of the incident light. 

Mold markings cause differential light intensity conditions under the marking, even when the mark is on the non- 
casting surface 88 of the mokJ merrfeers 78. The fully exposed region of the lens will tend to be harder, and the lens 
may have stresses because of this. The portion of the lens under the mark will also tend to be weaker at the end of the 
curing period. This effect has been observed and may cause premature release or induce aacking. 

Mold defects at the edges interfere with the sealing conditions and frequently induce premature release. 

According to the present Invention, plastic lenses may be produced by in^diating the lens forming material with 
ultraviolet light that is prevented from passing through the faces of the opposed mold members 78 and instead passes 
through the transparent or translucent wall of annular gasket 80 of the lens cell 52. By irradiating in this manner, the 
thicker edge portion of a negative lens receives a higher level of light intensity than the thinner center portron since the 
light intensity drops as it passes through the deeper layers of the lens material and glass molds. This method has a 
desirable advantage of allowing the application of clamping pressure to the front and back mokte, which is useful in con- 
trolling prenrrature release. This technique will be referred to as through-the-gasket irradiation. Referrir^ to Rg. 7, appa- 
ratus 100 is shown for carrying out through-the-gasket irradiation. Apparatus 100 includes lamp chamber 102 having a 
plurality of ultraviolet light generating lamps 1 04 disposed therein. A lens cell 52 in accordance with Rg. 6 is suspended 
in lamp chamber 102. A cover 106 of opaque material Is placed over the non-casting surface 88 of each mold member 
78 of tfie lens cell 52. In this nrianner, ultraviolet light emanating from the plurality of lanrps 104 that is incident upon the 
lens cell 52 acts upon the lens fonming material disposed in the lens molding cavity 82 by passing ttirough the outer wall 
108 of the annular gasket 80. A spring-loaded damp 1 10. preferably, may be used to apply compression presajre upon 
the opposed mold members 78 of the lens cell 52. The spring-loaded clamp, preferably, may be adjusted to exert vari- 
able pressure upon the opposed mold members 78. Moreover, opaque disks 106 may be disposed between the respec- 
tive jaws of the clamp 1 10 and the mold members 78 to prevent scratching of tfie molds and to prevent light leakage 
through ttie mokJ. 

An alternate technique for through-ttie-gasket inflation is shown in Rg. 8. Referring to Rg. 8. apparatus 200 is 
shown for carrying out through-ttie-gastet in^diation. Apparatus 200 includes opposed lamp aoBys 202. A lens cell 52 
in accordance with Fig. 6 is pfaced on a turntable 204 disposed between opposed lanp arrays 202. An annular opaque 
stage 206 is disposed under the front mold member 92 and rests directly on turntable 204. A cap 208 of opaque mate- 
rial is disposed on the back mold member 90. A weight 210 may be di^osed upon ttie back moW member 90 to exert 
sufficient damping pressure to prevent premature release. 

According to the through-the-gasket irradiation technique, the annular gaskets 80, preferably, are silicone gaskets. 
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Through continued use, however, silicone gaskets tend to brame too opaque to allow sufficient ultraviolet light to pass 
through the gasket to complete the polymerization of the lens forming material. In addition, gaskets having a frosty 
appearance were ot}served to yield good quality lenses while gaskets that were clear were observed to yield lenses 
with optical distortions. 

5 The throiigh-the-gasket Irradiation techniques make it relatively easy to exert damping pressure on the moW mem- 
bers 78. Pressure (up to 30 psi*) may be applied to the mold members 78. preferably at or about the onset of gelation of 
the lens forrrang material, i.a after the lens forming material is no longer liquid but before it becomes incompresstole. 
At the beginning of the irradiation when the lens forming material is liquid, however, low clamping pressure (such as 2 
lb.) way be applied to the mold members 78. which pressure is not so great that the lens forming material leaks between 

10 the gasket 80 and the edges of the nfK>id members 78. These techniques also tend to make it easier to direct evenly 
distributed ultraviolet light to the lens forming material. The gasket 80 serves as a diffuser and prevents sharp intensity 
gradients that occur when light is passing through the mold and there is an in-egularity in the mold. Since the edge of a 
lens receives a higher intensity of ultraviolet light than the center of the lens, the through-the-gasket technique, there- 
fore, is quite beneficial for the production of negative lenses. Finally, since ultraviolet radiation does not pass through 

15 the mold members 78 according to this technique, metal molds which are more flexible (and which tend to exhibit 
enhanced heat transfer properties) than glass molds can be utilized. 

As discussed above, the likelihood of premature release may be affected by a nuntoer of often inten-elated factors. 
Factors such as inproper mold cleaning, mold thickness, or gasket/mold design may contribute to premature release. 
Other factors that may contrft)ute to premature release may include light intensity, the chemical fonnulations. and the 

20 amount and identity of the photoinitiator f PI"). As discussed above, an additional factor related to premature release is 
the exothermic heat generated by the reaction. 

it is believed that as the reaction proceeds, the heat generated tends to reduce the adhesion between the shrinking 
lens and the mold lace. This reduction in adhesion tends to cause the lens to pull away from the mold. In high curvature 
(i.e. high power) lenses this problem tends to be even more pronounced because of two factors: (1) these lenses have 

25 more thickness and thus more material that is generating heat (which thus speeds up the reaction and generates more 
heat), and (2) these lenses have a greater thickness differential between the thick and thin portions of the lens, which 
tends to cause stress on the molds due to differential shrinkage. It is also possible that the temperatures generated rel- 
atively deep inside a ihkk lens nray cause some vaporization of the monomer. The vaporized monomer may then 
migrate to the lens/mold interface, breaking the vacuum between the two. 

30 Because of the problem of premature release, preferably high power lenses are cured to maintain adhesion to the 
molds. Preferably the molds flex and accommodate stress. 

Preferably premature release is controlled by controlling the exothenmic reaction heat This heat is preferably con- 
trolled fay directing cooling fluid such as air at the mold faces. Thus in a preferred embodiment the invention includes 
the following steps: (1) pladng a polymerizable lens forming material in a ntold cavity d^ined in part between a first 

35 mold member and a second mold member, (2) directing ultraviolet rays towards at least one of the first or second mold 
members, and (3) cooling the first mold member and the second mold member with a fluid. In a preferred embocfiment 
the ultraviolet rays are directed towards the mold member(s) while the first and second moW ment)ers are cooled. The 
above steps may be carried out with an apparatus for making a plastic lens that includes: (1) a first mold member. (2) a 
second nwld member spaced apart from the first mold member, the first and second mold members defining a mold 

40 cavity, (3) an ultraviolet light generator for generating and directing ultraviolet light toward at least one of the first and 
second mold members during use. (4) an ultraviolet light filter disposed between the ultraviolet light generator and the 
first mow member, and between the ultraviolet iigtrt generator and the second mold member, and (5) a distributor for 
directing cooling fluid to the mold members during use. 

Preferably both the first and second mold members are "directly" cooled by the fluid. That is. preferably the face of 

45 the first mold member and the face of the second mold member is cooled by directing f luW towards the face of both of 
the mold members. This lace" of the mold members is the outer mold surface that is not contacting either the gasket 
or the lens forming materials (see Rg. 6). The fluid may be directed at various angles towards the face of the mold mem- 
bers. 

Generally less preferred results are acWeved if only one (instead of both) of the mold merribers is directly cooled. 

50 It is believed that directly cooling only one of the mokJ members tends to result in less preferred lenses because doing 
so unevenly cools the lens materfal during curing. Thus preferably the first and second mold members are both sub- 
stantially evenly exposed to the cooling fluid temperatures and f lowrates. 

Preferably fluid is directed from the edges of the mold member faces to the center of the mold member faces. In 
this manner the fluid that contacts the edges of the mold memtwrs is approximately the same temperature at all the 

55 edges of the mold members, and af^roximately the same at all radii from the center of the mold members (with some 
variances due to variances in the cavity thickness at certain radii). Thus sul)stantially the same thicknesses of the lens 
material are subjected to fluid that is substantially the same temperature, resulting in a more even cooling of the lens 
material. Generally less favorable results are achieved if fluid is simply directed across the mold members since the fluid 
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temperature and flaw rate at the first edge contacted by the fluid may be somewhat different than the fluid temperature 
and flow rate at the second mold member edga Spedficalty. if cooling fluid is passed over the lens forming material in 
one direction only, the side opposite the source of fluid tends to remain hotter because the fluid passing over it has 
picked up the heat from the first side. 
5 Preferably the fluid Is air at a temperature of less than 50**C. The fluid may be below C'C, however in a preferred 
embodiment the fluid was at a temperature of between 0**C and less than 20^0, preferably about 0-15''C, more prefer- 
ably about 0-1 0*0, more preferably still about 3-8*C. In one prefen^ed embodiment the fluid temperature was about S^'C. 
As shown in Figure 9, a lens forming apparatus 300 for making a plastic lens may include a cooler 312 for supplying 
cool fluid to the apparatus 300 via conduit 314. The fluid may be supplied to the apparatus 300 and then discharged via 
10 conduit 320. The fluid discharged via conduit 320 may be vented via conduit 318 or it may alternately be recirculated 
via conduit 316 to the cooler 312. The cooler 312 preferably includes a Neslab CFT-50 mter/antifreeze chiller (Newing- 
ton, N.H.. U.S.A.). A Neslab-buitt blower box designed for a minimum temperature of 3''C and 8 cubic feet (about 0.224 
cubic meters) per minute of air per air distributor 94 was used with the chiller. The blower box included a heat exchanger 
coil through which chilled water was circulated, a blower, and a plenum-type arrangement for supplying air to the cen- 
ts duit 314. 

If lenses are produced without any mold cooling, the temperature of the mold-lens assembly may rise to above 
SO^'C. Low diopter lenses may be prepared in this ^shion. but higher plus or minus diopter lenses may fail. Certain 
lenses may be made by controlling (e.g.. cooling) the temperature of the lens material during cure with circulating 
uncoded fluid (I.e., fluid at ambient tenperatures). The anisient fluid in these systems is directed towards the mokl 

20 members in the same manner as desaibed above. Circulating ambient temperature flukj pennits manufacture of a 
wider range of presaiptions than manufacture of the lenses without any mold cooling at all. For instance, if the tenper- 
ature of the drculating air is held at slig^ly less than room temperature (about 1 9^C), prescriptions from +2 to -3 diopter 
may be successfully cast. Higher diopters, either + or often tend to fail without circulating cooled fluid. 

Most polymerization factors are intenrelated. The kleal temperature of polymerization is related to the diopter and 

25 thickness of the lens being cast Thermal mass is a factor. Lower temperatures (below about 1 0*C) are prefenred to cast 
higher + or - diopter lenses. These lower temperatures tend to permit an increase in photoinitiator concentration, which 
in turn may speed up the reaction and lower curing time. 

Preventing premature release is also somewhat dependent upon the f lowrates of cooling fluid, as well as its tem- 
perature. For instance, if the temperature of the cooling fluid is decreased it may also be possible to decrease the f low- 

30 rate of cooling fluid. Similarly, the disadvantages of a higher temperature cooling fluid may be somewhat offset by higher 
f lowrates of cooling fluid. 

In one embodiment the air flow rates for a dual distrbutor system (I.e.. an air distributor above and below the lens 
composition) are about 1 -30 standard cubic feet (about 0.028 - 0.850 standard cubic meters) per minute per distributor, 
more preferably about 4-20 cubic feet (about 0.1 13-0.566 standard cubic meters) per minute per distributor, and more 

35 preferably still about 9-15 (about 0.255-0.423 standard cubic meters) cubic feet per minute per distributor. "Standard 
conditions." as used herein, means 60*F (abort 15.556*0) and one atmosphere pressure (about 101 .325 Wlopascals). 

In a preferred embodiment the fluid distributor 94 may Include 30 substantially evenly spaced orifices 98 disposed 
to allow fluid to be directed from the distributor 94 to the moM members. In a prefenred embodiment the diameter of fif- 
teen orifices 98 on the one-half of the cylindrical opening 96 closest the plenum portion 95 is about 1/4 inch (about 6.35 

40 mm), and tiie cumulative volume flowrate of air tiirough such orifices is estimated to be about 6.10 standard cubic feet 
(about 0. 1 73 standard cutic meters) per minute. In tiie same embodiment the diameter of fifteen orifices 98 on one-half 
of tiie cylindrical opening 96 opposite the plenum portion 95 is about 5/16 inch (about 7.94 mm), and tiie cumulative 
volume flowrate of air through such orifices is estimated to be about 8.30 standard cut^ic feet (about 0.235 standard 
cubic meters) per minute. Thus the total ftowrate for one distrOt>utor is estimated to be about 14.40 standard cubic feet 

45 (about 0.408 standard cubic meters) per minute, and the total flowrate for two distributors is estimated to be about 28.80 
standard cubic feet (atxxrt 0.816 standard cubic meters) per minute. 

In the same embodiment the edge of tiie orifices 98 in the cylindrical opening 96 are tapered out In such case tiie 
cumulative f lowrates for the 1/4 inch (6.35 mm) orifices 98 is estimated to be about 5.89 standard cubic feet (about 
0.167 standard cubic meters) per minute, and tiie flowrate for ttie 5/16 inch (7.94 mm) oriffees 98 is estimated to be 

50 about 7.02 standard cubic feet (about 0.199 standard cubic meters) per minute. Thus the total flowrate for one distrib- 
utor is estimated to be about 12.91 standard cubic feet (about 0.366 standard cubk; meters) per minute, and the total 
flowrate for two distributors is estimated to be about 25.82 standard cubic feet (about 0.731 standard oAiic meters) per 
minute. 

In an alternate preferred embodiment the diameter of fifteen orifices 98 on the one-half of the cylindrical opening 
55 96 closest to the plenum portion 95 are about 3/16 inch (about 4.76 mm), and the cumulative volume flowrate of air 
through such orifices is estimated to be about 3.47 standard cubic feet (about 0.98 ^andard cubic meters) per minute. 
In the same embodiment the diameter of fifteen orifices 98 on the one-half of the cylindrical opening 96 opposite tiie 
plenum portion 95 are about 1/4 Inch (about 6.35 mm), and tiie cumulative volume flowrate of air through such orifices 
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is estimated to be about 6.1 7 standard cubic feet (about 0. 1 75 standard cubic meters) per minute. Thus the total flow- 
rate for one distributor is estimated to be about 9.64 standard cubic feet (about 0.273 standard cubic meters) per 
minute, and the total flowrate for two distributors is estimated to be about 1 9.28 standard cubic feet (about 0.546 stand- 
ard cubic meters) per minute. 

5 Actual f lowrates through individual orifices 98 tended to vary. The f lowrates through the orifices 98 that were closest 
to or most opposite the plenum portion 95 of air distribution device 94 tended to have a flowrate that is greater than ori- 
fices in between these orifices. These higher f lowrates varied up to approximately 1 .2-2.5 times the flowrate of orifices 
that were in between the closest to and most opposite orifices. 

TTie above estimated flowrates for orifices 98 in a preferred embodiment were calculated using a bench model of 

10 air distributor 94 connected to air flowrate measuring devices. The air flowrates for the orifices 98 in the bench model 
were measured. The total air flowrate through the bench model cfistributor 94 was measured. The total air flowrate for 
a preferred embodiment distritxrtor 94 was measured. The above flowrates were measured by measuring the average 
velocity across a cross-sectional area, and then multiplying such velodty by the cross-sectional area. The estimated 
flowrates for the prefen^ed embodiment orifices 98 were obtained by the following equation: 

75 

Po = B^,x(P;^/Ba). where 

Pq = estimated preferred embodiment orifices 98 flowrate, 

Pa = measured preferred embodiment distributor 94 flowrate, 

20 Bo= measured bench orifices 98 flowrate. and 

Ba = measured bench distributor 94 flowrate. 

The thidviess of the glass wolds used to cast polymerized lenses may affect the lenses produced. A thinner mold 
tends to allow more efficient heat transfer between the polymerizing material and the cooling air. thus redudng the rate 
25 of premature release. In addition, a thinner mold tends to exhibit a greater propensity to flex. A thinner mold tends to 
flex during the relatively rapid differential shrinkage between the thick and thin portions of a polymerized lens, again 
reducing the incidence of premature release. In one embodiment the first or second mold members have a thickness 
less than about 5.0 mm, preferably about 1.0-5.0 mm, more preferably about 2.0-4,0 mm, and more still about 2.5-3.5 
mm. 

30 Higher diopter ("D") lenses both have more mass (and so release more heat during the curing cycle) and also 
define a greater difference between their thick and thin portions than a lower diopter lens. Accordingly, for 74 mm diam- 
eter negative lenses stronger than about -2.00 D, it is preferably to reduce the thickness of the front (concave) mold to 
less than 4 mm and preferably to between 3.0 to 3.5 mm. Coming Glass #9092 mold material taids to exhibit about 
50% greater mean d^lection value at 3 mm than at 5 mm. 

35 Because a negative lens is thin in the center and thick at the edge, more shrinkage tends to occur at the edge than 
at the center. Because a hemispherical section of glass will bend more readily toward its radius than away from it. in the 
case of a minus lens the front mold tends to accomnrrodate the greater shrinkage at the edge by flexing and steepening. 
A positive lens is just the opposite. The thick section of a plus lens is its center and the edge is thin. The greater shrink- 
age of the center tends to cause the back (convex) mold to steepen and the front mold to flex very little. In this situation 

40 it is preferable to reduce the thickness of the back molds used to cast high diopter positive lenses so as to help reduce 
the polymerization strain. 

The advantages of using a thinner mold are offset somewhat by two disadvantages. Using a thinner moW of the 
exact radius of cun/ature as a thicker mold will shift the final focusing power of the finished lens toward the plus side and 
therefore its radius must be conpensated accordingly. Further, thicker molds tend to give better overall optics and show 

45 less distortion than the same lens cast with a thin mold. 

Preferred mold thicknesses for lenses with a diameter of about 74 mm vary depending on the diopter of the lenses 
to be formed. For lenses in about the +2.0 to +4.0 diopter range, the front mold thickness is preferably about 2;5-7.0 
mm. more preferably about 3.0-5.0 mm. and more preferably still about 3.5-4.0 mm, and the back mold thickness is 
preferably about 2.0-5.0 mm. more preferably 2.0-4.0 mm. and more preferably still about 2.5-3.0 mm. For lenses in 

50 about the zero ("planoT to +2.0 diopter range, the front mold thickness is preferably about 2.5-8.0 mm. more preferably 
about 3.5-6.0 mm, and more preferably still about 4.0-4.5 mm. and the back moW thickness is preferably about 2.0-8.0 
mm, ntore preferably 3.0-6.0 mm, and more preferably still about 3.5-4.5 mm. For lenses in about the -2.0 to zero 
diopter range, the front mold thidsness is preferably about 2.0-8.0 mm, more preferably about 3.0-6.0 mm, and more 
preferably still about 3.5-4.5 mm. and the back mold thickness is preferably about 2.5-6.0 mm, nnore p-eferabfy 3.5-6.0 

55 mm, and more preferably stiD about 4.0-4.5 mm. For lenses in about the -4.0 to -2.0 diopter range, the front mold thick- 
ness is preferably about 2.0-6.5 mm. more preferably about 2.6-5.0 mm. and more preferably still about 3.2-4.0 mm, 
and the back moid thickness is preferably about 2.0-8.0 mm, nrore preferably 3.0-6.0 mm. and more preferably still 
about 4.0-4.5 mm. For lenses in about the -6.0 to -4.0 diopter range, the front mold thickness is preferably about 2,0- 
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5.0 mm, more preferaWy about 2.0-4.0 mm, and more preferably still about 2.5-3.5 mm. and the back mold thickness is 
preferably about 2.0-8.0 mm. more preferably 3.0-6.0 mm, and more preferably still about 4.0-4.5 mm. 

"Front" moki or lace means the mold or face whose surface ultimately forms the surface of an eyeglass lens that is 
furthest from the eye of an eyeglass lens wearer. "Back" mold or face means the mold or face whose surface ultimately 
forms the surface of an eyeglass lens that is closest to the eye of a eyeglass lens wearer. 

To minimize premature release and produce water-white ophthalmic lenses, preferably a lens is initially cured as 
described above. That is, a lens forming material is preferably initially cured at relatively low temperatures, relatively low 
ultraviolet light intensity, and relatively kw photoinitiator concentrations. "Initial" or "first" cure means the cure that trans- 
forms the Iquid lens forming material into a solid rmterial. Lenses produced as such generally have a Shore D hard- 
ness of about 60-78 (for the prefened compositions) when cured for about 15 minutes as described abova The 
hardness may be improved to atiout 80-81 Shore D by postcure heating the lens in a conventional oven for about 10 
minutes, as described above. In the initial cure it is diff icuK to raise the hardness and surface cure of ultraviolet cured 
lenses above the levels desaibed above. Achieving a higher degree of hardness and cure generally requires a faster, 
hotter reaction. The faster, hotter initial cure reaction, however, tends to lead to poorer yields and lessened lens optical 
quality. 

In a preferred embodiment of the invention, factors such as the level of cure, rigidity, and hardness of ultraviolet light 
polymerized lenses may be improved. A method of the invention to improve these factors involves making a lens as 
described above. demokJing the lens, and then subjecting the lens to relatively high intensity ultraviolet light postcure 
conditions. This method may be carried out using a system partially shown in Rgure 9 including: (i) an apparatus 300 
for making a plastic lens which includes (1) a first mold member. (2) a second moW member spaced apart from the first 
mold member, and the first and second mold members defining a mold cavity, (3) a first ultraviolet light generator for 
generating and directing ultraviolet light towards at least one of the first and second mokJ members during use. (4) an 
ultraviolet light filter disposed between the first ultraviolet light generator and the first mold member, and between the 
first ultraviolet light generator and the second mold member, and (5) a distributor for directing cooling fluid towards the 
first and second mold members during use; (ii) a second ultraviolet light generator 304 for generating and directing 
ultraviolet light towards the lens during use; and (iii) a first heater 306 to heat the lens during use. The system may also 
include a third ultraviolet light generator 308 for generating and directing ultraviolet light towards the lens during use 
after the lens has been heated. The system may also include a second heater 310 for heating the lens during use after 
the third ultraviolet light generator has directed light towards the lens. The system may also include a demolder 302, 
which may simply include a small hammer and chisel. 

In a preferred embodiment the second and third ultraviolet light generators are the same generator. In a preferred 
embodiment the first and second heaters are the same heater. In a preferred embodiment the first and second heater 
may be incorporated with the second and third UV light generators. The system may also include additional heaters and 
or UV light generators. 

Preferably the second and/or third ultraviolet light generators provkie ultraviolet light at an intensity of about 150- 
300 mW/cm^, more preferably about 175-250 mW/cm^. at a wavelength range of about 360-370 nm (preferably about 
365nm). Preferably the second and/or third ultraviolet light generators provide ultraviolet light at an intensity of about 
50-1 50 Mw/cm^, more preferably about 75-125 mW/cnf. at a wavelength range of about 250-260 nm (preferably about 
254 nm). The first or initial ultraviolet light generator preferably provides ultraviolet light at a total intensity (from both 
sides) of less than 10 mW/cm^ (preferably about 0.3-2.0 mW/cm^). Thus preferably the second or third ultraviolet light 
generators provide at least about 2, 5, 10. 20, 40, 100, 500. 1 000, and/orl 800 times the intensity of ultraviolet lightthan 
is provided by the first ultraviolet light generator. Preferably these generators provide about 40- 1 00. 1 00-500, 500-1 800, 
100-1800, and/or 40-1800 times the amount of light provWed by the first ultraviolet light generator. Preferably the lens 
is exposed to the ultraviolet light in the second, third and/or siA)sequent ultravralet light generators for less than about 
5 minutes, more preferably less than 1.0 minute, and more preferably still less than about 30 seconds. Preferably this 
exposure time is about 0. 1-300 seconds, more preferably about 0.1-60 seconds, and more preferably still about 0.1-30 
seconds. In another preferred embodiment the exposure time was less than 5 minutes. Generally as the intensity of the 
light is increased, the exposure time may be deaeased, and vice versa. 

Preferably the lens is heated in the first or second heaters for less than about 180 minutes, more preferably less 
than 30 minutes, and more preferably still less than about 10 minutes. Preferably the lens is heated in the second and/or 
third heaters at a temperature of about 65-1 80°C, more preferably about 85-1 40"C. and more preferably still about 1 00- 
120°C. Generally as the temperature is decreased, the amount of heating time should be increased, and vice versa. In 
another preferred embodiment the heating time was less than 5 seconds. 

The lens is preferably cleaned (e.g.. in a 50 volume % methanoiyWater solution) prior to exposing the lens to the 
relatively high intensity light. The relatively high intensity light may indude relatively long and/or short wavelengths. The 
lens may then be heated. The lens may be repeatedly exposed to relatively high int^isity ultravfolet light. The lens may 
be repeatedly heated. 

In a preferred embodiment, the high intensity light may be provWed with mercury vapor lamps provided in a 
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UVEXS, Inc. Model CCU curing chamber (Sunnyvale. CA. U.S.A.). ^ 

It Is believed that shorter wavelengths tend to inrprove the extent of surface cure and that longer wavelengths tend 
to increase the extent of cure within the middle portions of the lens. Thus it is preferably to use both shorter and longer 
ultraviolet light wavelengths for the second and third ultraviolet light generators. Exposure to the relatively high intensity 
UV wavelengths tends to yellow the lens, however subsequently heating the lens tends to reduce and/or eliminate this 
yellowing. Preferably the lens is heated to about 110-120**C. Heating also allows radicals to tenninate and tends to 
increase the aosslinking of the compounds within the lens. The polymerization strain also tends to be reduced during 
heating. 

Lenses cured according to the above procedure exhibited a Shore D hardness of above 83, with most lens about 
83-85. These lenses also were more rigid and tended to warp less when inserted into an eyeglass frame after edging. 
There was negligible difference in the impact resistance and scratch resistance of the lenses cured in this fashion, com- 
pared to lenses cured without exposure to the relatively high intensity UV light. It is anticipated that the postcure meth- 
ods described above will tend to renedy lesser defects that may occur in the first cure using the first UV light generator 
For instance, tiie cure level for relatively low mass lenses during the first cure may be less important since the postcure 
will tend to ensure that the lenses are adequately cured. In like manner, different lens compositions that do not cure to 
form ophthalmic quality lenses in the first cure may be now usable since the postcure method may increase tiie quality 
of the cured lenses. For instance, the amount of photoinitiator and/or stabilizers in the initial composition may be varied 
over a broader range and still achieve acceptable water-white lenses. 

In an alternate method for making a lens, the desired curvature (i.e.. power) of the lens may be varied using the 
same molds, but vwth different light distributions. In this manner one mold may be used to prepare different lenses with 
different curvatures. The method includes the steps of: (1) placing a polymerizaWe lens forming material in a mold cav- 
ity defined in part between a first mold member and a second mold member, and wherein the cavity defines a theoret- 
ical curvature that is cfifferent from the desired curvature. (2) directing ultraviolet rays towards at least one of tiie first 
and second mold members, and wherein the ultraviolet rays are directed towards the first or second mold member such 
tfiat the material cures to form a lens with tiie desired curvature, and (3) contacting fluid against the first or second mold 
member to cool the first or second mold meml)er. The resulting lens cun/ature may vary depending on the way the ultra- 
violet light is directed towards ttie first or second moW manbers. That is. by varying tiie relative intensity of ttie light 
across the lens material radii, it is possible to vary the cun^ture of the resulting lens. 

Lens curvatures may also vary when ttie lenses are subjected to postcure heating. Thus the curvature of ttie lenses 
may be varied by exposing ttie lens material to UV light and then demdding and heating the lens. The heating may 
then result in the desired curvature, and ttiis curvature may be different from ttie ttieoretical cun^ture expected from 
the dimensions of ttie moW cavity, as well as ttie cunature obtained after the lens has been exposed to the initial UV 
light. 

The present inventron will now be described in more detail with reference to the following examples. These exam- 
ples are merely illustrative of the present invention and are not intended to be limiting. 

EXAMPLE 1 - LENS CURVATURE fPOWEm VARIANCES 

Lenses were produced under various conditions according to ttie compositions, mettiods and apparatus of ttie 
present invention. 

The formulation used to prepare ttie lenses according to ttiis example included: 1 7.0% by weight of CR-73, 10.0% 
by weight of HDDMA. 21 .0% by weight of TTEGDA. 32.0%by weight of TRPGDA. 20.0% by weight of TMPTA. 0.0356% 
by weight of mettiyl benzoylfomiate. 0.0095% by weight of Irgacure 184, and 0.16 ppm of Thermpplast Blue 684. The 
refractive index of this formulation ranged from 1.468 to 1.478. The refractive index of the lenses produced according 
to ttiis example ranged from 1 .507 to 1 .51 1 . 

The mettiod used to prepare tiie lenses accordng to ttiis example was ttirough ttie mold irradiation with air-cooling. 

The gaskets used to prepare the lenses according to ttiis example were GE SE6035 silicone rubber gaskets. 

The molds used to prepare ttie lenses according to thfe example were made from Schott S-3 glass and had approx- 
imately parallel surfaces averaging 4 mm in tiiickness. 

The intensity of ultraviolet light from ttie top measured at ttie center of the lens cell ranged from 0.35 mW/cm^ to 
0.37 mW/cm^ for ail lenses prepared according to ttiis example. The ultraviolet lamps were kept at a temperature 
between 78 and 98 F. 

For all lenses prepared according to ttiis example, tiie upper light filter indwJed 2 Pyrex glass sheets each frosted 
on one side witti one sheet of tracing paper between ttiem and ttie lower light fflter also included 2 Pyrex glass sheets 
each frosted on one side witti one sheet of tracing paper between ttiem. In some cases ttie lower light filter included an 
opaque disc. The opaque disk tended to decrease the amount of light reaching ttie mold members, witti ttie decrease 
maximized at ttie center of the mold members. The light tended to decrease in lesser anwunts at points more distent 
from ttie center. 
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The following curing condrtions were constant for all lenses prepared according to this example: 

-- ambient temperature - 22'C 
- cooling air temperature - 23.5°C 

exit air flow rate at vent 33-20 fl^Anin. 
-- distance from disk to centerline of stage 38 mm. 

The results are shown in Table 1 below. Ihe results of this example for positive lenses demonstrate that as the 
diameter of the opaque disk at the lower light fflter is Increased: 1) the bottom light intensity is deaeased, 2) the flexing 
of both the front and back nrtolcte is increased, 3) the power of the lenses before and after post-cure is reduced or less 
positive and, 4) the variance from the predicted power is reduced. 

The results for negative lenses demonstrate that as the diameter of the opaque disk at the lower light filter is 
increased: 1) the bottom light intensity is decreased, 2) the flexing of both the front and back molds was essentially Wen- 
tical, 3) the power of the lenses before and after post-cure is increased or more negative, and, 4) the variance from the 
predicted power is reduced. 



TABLE 1 



Disc Diame- 
ter 


Bottom 
Light 
Intensity 
In Center 
mW/cm^ 


Rexing 


Power 
Upon 
Demolding 


Power Upon 
Post-Cure 


Predicted 
Power 


Variance 
From Pre- 
dicted 
Power 






Front mold 


back mold 










0 


.51 


-.05 


-.09 


+1.82 


+1.92 


+1.80 


+.12 


21 


.44 


-.06 


-.10 


+1.76 


+1.85 


+1.80 


+.05 


39 


.33 


-.09 


-.13 


+1.66 


+1.75 


+1.80 


-.05 


0 


.51 


+.10 


+.04 


-1.80 


-1.91 


-1.98 


+.07 


21 


.44 


+.09 


+.04 


-1.86 


-1.94 


-1.99 


+.05 


39 


.33 


+.07 


+.02 


-1.90 


-1.97 


-1.99 


+.02 


0 


.51 


+.18 


+.08 


-3.72 


-3.94 


-4.02 


+.08 


21 


.44 


+.18 


+.07 


-3.74 


-3.96 


-4.02 


+.06 


39 


.33 


+.14 


+.05 


-3.83 


-.400 


-4.02 


+.02 



The results shown in Table 1 clearly demonstrate that the lenses produced according to the present invention are 
in a stressed condition after ultraviolet light curing. The results also demonstrate that the stressed condition of the 
lenses may be reduced by an appropriate post-curing heating step. The results also demonstrate that the power of a 
finished lens produced according to the present invention may be altered by manipulating the intensity of ultraviolet light 
incident on a lens cell during the curing of a lens 



EXAMPLE 2 - LIQUID CQQUNG 

As noted above, according to one embodiment of the present invention, the lens cell 52 may be cooled by disposing 
it in a liquid cooling bath. According to this process a lens was cured under the followving conditions: The lens cell was 
made up of a 5.75 D front mold, a 7.50 D back mold and a silicone rubber gasket. The lens forming composition was 
17% CR-73. 20%'TMPTA, 21% TTEGDA. 32% TRPGDA. 10% HDDMA. .0336% MB2F. and .0084 Irgacure 184. Ihe 
resultant carter thickness was 2.4 mm. The lens molding cavity 82 was filled with lens forming material and the lens cell 
was placed on a supporting stage in a bath of 85% HgO with 1 5% propylene glycol at 0*C. A triangular array of ultravi- 
olet lamps was utilized and the incident light intensity was 2.8 mW/cm^ from the top and 1 .5 mW/cm^ from the bottom. 
The lens ceil was irradiated for 10 minutes and the resultant lens had a measured focusing power of -1.80 D. The Icts 
did not release and exhibited excellent stress patterns. The Shore D haniness was 67. 
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EXAMPLE 3 ■ THROUGH THE GASKET CURING 

As noted above, according to one embodiment of the present Invention, the lens tonming material can be polymer- 
ized by irradiating only throi^h the gasket. The lens forming composition was 26% CR-73. 25% HDDMA. 1 6% TMPTA, 
15% TTEGDA. 16% TRPQDA. 2% styrene, .03% Irgacure 184. and about 0.3 ppm of Thermoplast Blua According to 
this technique, a lens cell Including a soft silicone rubber gasket configured for creating a -4.25 D lens was suspended 
in the center of a cylindrical array of Sylvania fluorescent F-1 5 8T/2052 lamps positioned at a distance from the lens cell 
to create an average light intensity of approximately 2 mw/cm^ on the gasket 80 of the lens cell 52, The senile was 
irradiated for 40 minutes with 16 pounds of pressure being applied after 13 minutes of irradiation. TTie pressure was 
later increased to a total of 21 .5 pounds. The lens did not release, gave excellent stress patterns and good optics. 

EXAMPLE 4 - REDUCED TEMPERATURE CURING 

Formulation: 



17% 


Bisphenol A BisAllyl Carbonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethytolpropane triacryiate 


21% 


Tetraethyleneglycol diacrlate 


32% 


Tripropyleneglycol diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048 


Methylbenzoylfonnate 


<10PPM 


Hydroquinone & Methylethylhydroqutnone 



Hydroquinone and Methylethylhydroquinone were stabilizers present in some of the diacrylate and/or triacryiate 
compounds obtained from Sartomer Preferably the amount of stabilizers is minimized since the stabilizers affect the 
rate and anrount of curing. If larger amounts of stabilizers are added, then generally larger amounts of photoinltiators 
must also be added. 

Light Condition: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0.248 



Air Row: 9.6 stancterd cubic feet fCFM") per manifoW / 1 9.2 CRM total on sample 

Air Temperature: 4.4 degrees Centigrade 

Molds: 80 mm diameter Corning #8092 glass 





Radius 


Thickness 


Concave: 
Convex: 


170.59 
62.17 


2.7 
5.4 
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Gasket: General Electric SE6035 siOoone nitsber with a 3 mm thick lateral lip dimension and a vertical lip 

dimension suffident to provide an initial cavity center thidcness of 2.2 mm. 

Riling: The molds were cleaned and assembled into the gasket. The mold/gasket assembly was then tem- 

porarily positioned on a f ixture which held the two molds pressed against the gasket lip with about 
1 kg. of pressure The upper edge of the gasket was peeled back to allow about 27.4 gran^ of the 
monomer blend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating devica It is prefer- 
able to avoid having nranomer drip onto the noncasting surface of the moki because a drop tends 
to cause the ultraviolet light to become locally foamed and may cause an optical distortion in the 
final product 

Curing: The sample was irradiated for fifteen minutes under the above conditions and removed from the 

curing chamber. The moUs were separated from the cured lens by applying a sharp impact to the 
junction of tine lens and the convex mold. The sample was then postcured at 110 **C in a conven- 
tional gravity type thermal oven for an additional ten minutes, removed and allowed to cool to room 
temperature. 

Results: The resulting lens measured 72 mm in diameter, with a central thickness of 2.0 mm, and an edge 

thickness of 9.2 rxmv The focusing power measured --5.05 diopter. The lens was water clear 
(Vater-whitel. showed negligible haze, exhibited total visible light transmission of about 94%. and 
gave good overall optics. The Shore D hardness was about 80. The sample withstood the inpact 
of a 1 inch steel ball dropped from fifty inches in accordance with ANSI 280.1 -1987, 4.6.4 test pro- 
cedures. 

EXAMPLE 5 - REDUCED TEMPERATURE CURING 

Formulation: 



17% 


Bisphenol A BisAllyl Cariaonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethylolpropane triaoTlate 


21% 


Tetraethyleneglycd diacriate 


32% 


Tripropyleneglycd diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048% 


Methylbenzoytformate 


<10PPM 


Hydroquinone & Metiiylethylhydroquinone 



Light Condition: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.251 
0.236 


0.330 
0.265 



Air Row: 9.6 CFM per manifold / 1 9.2 CM total on sample 

Air temperature: 4.4 degrees Centigrade 
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80 mm dia. Coming #8092 glass 





Radius 


Thidoiess 


Concave: 
Convex: 


113.28 
78.64 


3.2 
5.5 



Gasket: General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 

dimension sufficient to provide a Initial cavity center thickness of 1 .9 mm. 

Filling: The molds were cleaned and assembled into the gasket The mold/gasket assembly was them 

temporarily positioned on fixture which held the two molds pressed against the gasket lip with about 
1 kg. of pressure The upper edge of the gasket was peeled back to allow about 1 5. 1 grams of the 
monomer blend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating device. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to become locally focused too strongly on the monomer in the cavity and 
may cause an optical distortion in the final product. 

Curing: The sample was irradiated for fifteen minutes under the above conditions and removed from the 

curing chamber. The molds were separated from the cured lens by applying a sharp impact to the 
junction of the lens and the convex mold, the sample was then postcured at 110 degrees C in a 
conventional gravity type thermal oven for an additional ten minutes, removed and allowed to cool 
to room tenperature. 

Results: The resulting lens measured 73 mm in diameter, with a central thickness of 1 .7 mm, and an edge 

thickness of 4.3 mm. The focusing power measured -1.90 diopters. The lens was water clear, 
showed no haze, exhibited total visilrfe light transmission of 94%, and gave good overall optics. The 
Shore D hardness was 81 . The sample withstood the impact of a 7/8 inch steel ball dropped from 
fifty inches in accordance with ANSI 280. 1-1987. 4.6.4 test procedure. 

EXAMPLE 6 - REDUCED TEMP ERATURE CURING 

Formulation: 



17% 


Bisphenol A BisAllyl Carbonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethyldpropane triacrylate 


21% 


Tetraethyleneglycol diacrlate 


32% 


Trqpropyleneglycot diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048% 


Methylbenzoytformate 


<10PPM 


Hydroquinone & methylethylhydroquinone 



Light Condition: mW/cm^ measured at plans of sample 
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Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0.248 



70 Air Flow: 9.6 CFM per manifold / 1 9.2 CFM total on sample 

Air Temperature: 1 2.3 degrees Centigrade 

Molds: 80 mm dia. Coming #8092 glass 

15 



20 





Radius 


Thickness 


Concave: 
Convex: 


170.59 mm 
62.17 mm 


2.7 mm 
5.4 mm 



25 



30 



35 



40 



45 



Gasket: 



Filling: 



Curing: 



Results: 



General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 
dimension suffident to provide an initial cavity center thickness of 2.2 mm. 

The molds were cleaned and assembled into the gasket. The mofd/gasket assembly was then tem- 
porarily positioned on fixture which held the two molds pressed against the gasket lip with about 1 
kg. of pressure. The upper edge of the gasket was peeled back to allow about 27.4 grams of the 
monomer Wend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating device. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to become locally focused too strongly on the monomer in the cavity and 
may cause an optical distortion in the final product. 

The sample was irradiated for fifteen minutes under the above conditions and removed from the 
curing chamber. 

The sample was found to have released from the front mold prematurely. The sample also showed 
signs of heat bubbling around the edges. 



EXAMPLE 7 - REDUCED TEMPERATURE CURING 

Formulation: 





17% 


Bisphenol A BtsAllyl Caribonate 


so 


10% 


1,6 Hexanediol dimethacrylate 




20% 


Trimethylolpropane triacrylate 




21% 


Tetraethyleneglycol diacrtate 


55 


32% 


Triprop/leneglycol diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 




0.048% 


Methyfbenzoyfformate 
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(continued) 



<10PPM 



Hydroquinone & Methylethy)hydrtX{uinone 



Light Conditioh: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.251 
0.236 


0.330 
0.265 



Air Row: 9,6 CFM per manifold / 1 9.2 CFM total on sample 

Air Temperature: 1 2.3 degrees Centigrade 
Molds: 80 mm dia. Coming #8092 glass 





Radius 


Thickness 


Concave: 
Convex: 


123.28 mm 
78.64 mm 


3.2 mm 
5.5 mm 



Gasket: 



Filling: 



Curing: 



Results: 



General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 
dimension sufficient to provide an initial cavity center thickness of 1 .9 mm. 

The moWs were cleaned and assembled into the gasket. The mold/gasket assembly was then tem- 
porarily positioned on fixture which held the two molds pressed against the gasket lip with about 1 
kg. of pressure. The upper edge of the gasket was peeled back to allow about 15.1 grants of the 
monomer Wend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out witfi a small aspirating device. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to become locally focused too strongly on ttie monomer in the cavity and 
may cause an optical distortion in the final product. 

The sample was irradiated for fifteen minutes under the above conditions and removed from the 
curing chamber. The moWs were separated from the cured lens by applying a sharp impact to the 
junction of the lens and the convex mold. The sample was then postcured at 1 10 degrees C in a 
conventional gravity type thermal oven for an additional ten minutes, removed and allowed to cool 
to room temperature. 

The resulting lens measured 73 mm in diameter, with a central thickness of 1.7 mm, and an edge 
thickness of 4.3 mm. The focusing power measured -1.90 diopters. The lens was water clear, 
showed no haze, exhibited total visible light transmission of 94%, and gave good overall optics. The 
Shore D hardness was 81. The sample withstood ttie inrtpact of a 7/8 inch steel ball dropped from 
fifty inches in accordance wrth ANSI 280.1-1987. 4.6.4 test procedure. 



EXAMPLE 8 - REDUCED TEMPERATURE CURING 

Fomiulation: 
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17% 


Bisphenot A BisAIIyl Carbonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethyf olpropane triacrylate 


21% 


Tetraethyteneglycd diacrlate 


32% 


Tripropyleneglycol diacrlyate 


0.009% 


1 Hydroxycyciohexyl phenyl ketone 


0.036% 


Methylbenzo/tfonnate 


<10PPM 


Hydroquinone & Methylethylhydroquinone 



Light Condition: mW/cm? measured at plane of sanple 

20 





Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0.248 



Air Flow: 9.6 CFM per manifold / 19.2 CFM total on sample 

Air Temperature: 1 2.2 degrees Centigrade 

30 

Molds: 80 mm dia. Corning #8092 glass 



35 



40 



45 



50 



55 



Gasket: 
Filling: 



Curing: 





Radius 


Thickness 


Concave: 
Convex: 


170.59 mm 
62.17 mm 


2.7 mm 
5.4 mm 



Qena'al Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 
dimension sufficient to provide an initial cavity center thickness of 2.2 mm. 

The molds were cleaned and assembled into the gasket. The nrrald/gasket assembly was then tem- 
porarily positioned on fixture which held the two molds pressed against the gasket lip with about 1 
kg. of pressure. The upper edge of the gasket was peeled back to altow about 27.4 grams of the 
monomer Wend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating devfce. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to become locally focused too strongly on the monomer in the cavity and 
may cause an optical distortion in the final product 

The sample was irracfiated for fifteen minutes under the above conditions and removed from the 
curing chamber. The nnoWs were s^)arated from the cured lens by applying a sharp impact to the 
junction of the lens and the convex mold. The sarrple was then postcured at 1 10 degrees C in a 
conventional gravity type thermal oven for an additional ten minutes, removed and allowed to cool 
to room tenperature. 
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Results: The resulting lens measured 72 mm in diameter, with a central thickness of 2.0 mm, and an edge 

tWckn^ of 9.2 mm. The focusing power measured -5.05 diopters. The lens was water dear, 
showed no haze, exhibited total visible light transmission of 94%, and gave good overall optics. The 
Shore D hardness was 80.5. TTie sanple withstood the impact of a 1 inch steel ball dropped from 
fifty.lnches in accordance with ANSI 280.1-1987. 4.6.4 test procedure. 

EXAMPLE 9 - REDUCED TEMPERATURE CURING 

Fornujlation: 



17% 


Bisphenol A BtsAIIyi Carbonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethylolpropane triaaytate 


21% 


Tetraethyleneglycol diacriate 


32% 


Tripropyleneglycol diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048% 


Methytbenzoylfonmate 


<10PPM 


Hydroquinone & Methylethylhydroquinone 



Light Condition: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.251 
0.236 


0.330 
0.265 



Air Row: 9.6 CFM per manifold / 1 9.2 CFM total on sample 

Air Temperature: 22.2 degrees Centigrade 
Molds: 80 mm dia. Corning #8092 glass 





Radius 


Thickness 


Concave: 
Convex: 


113.28 mm 
78.64 mm 


3.2 mm 
5.5 mm 



Gasket: General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 

dimension sufficient to provide an initial cavity center thickness of 1 .9 mm. 

^"'"'"9: The molds were cleaned and assembled into the gasket. Ihe mold/gasket assembly was then tan- 

porarily positioned on fixture which held the two molds pr^ed against the gasket lip with about 1 
kg. of pressura The upper edge of the gasket was peeled back to allow about 15.1 grams of the 
monomer blend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating device. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
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cause the uttraviolet light to become locally focused too strongly on the monomer in the cavity and 
may cause an optical distortion in the final product 

Curing: The sample was irradiated for fifteen minutes urKler the above conditions and removed from the 

curing chamber. The molds were separated from tiie cured lens by applying a sharp impact to the 
junction of the lens and the convex mold. The sample was then postcured at 110 degrees C in a 
conventional gravity type thermal oven for an additional ten minutes, removed and allowed to cool 
to room temperature. 

Results: TTie resulting lens measured 73 mm in diameter, with a centra! thickness of 1 .7 mm, and an edge 

thickness of 4.3 mm. The focusing power measured -1.87 diopters. The lens was water dear, 
showed no haze, exhibited total visible light transmission of 94%. and gave good overall optics. The 
Shore D hardness was 83. TTie sample withstood tiie impact of a 1 inch steel ball dropped from fifty 
inches in accordance with ANSI 280.1-1987, 4.6.4 test procedure 

EXAMPi^E 10 ■ R^DUCEP TBMPSRATURE CURING 

Formulatton: 



17% 


Bisphenol A BisAllyl Carbonate 


10% 


1,6 Hexanediol dimethacrylate 


20% 


Trimethylotpropane triaaylate 


21% 


Tetraethyleneglycot diacrlate 


32% 


Tripropyfeneglycol diacrlyate 


0.009% 


1 Hydroxycydohexyl phenyl ketone 


0.036% 


Methylbenzoytformate 


<10PPM 


Hydroquinone & Methyletiiylhydroquinone 



Light Condition: Mw/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0-248 



Air Flow: 9.6 CFM per manifold / 1 9.2 CFM total on sarrple 

Air Temperature: 22.2 degrees Centigrade 
Molds: 80 mm dia. Corning #8092 glass 





Radius 


Thickness 


Concave: 
Convex: 


170.59 mm 
62.17 mm 


2.7nfvn 
5.4 mm 
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Gasket: General Electric SE6035 silicone rubber with a 3 mm thidc lateral lip dimension and a vertical lip 

dimension sufficient to provide an initial cavity center thickness of 2.2 mm. 

Filling: The molds were cleaned and assembled into the gasket. The moW/gasket assembly was then tem- 

porarily positioned on f ixture which held the two molds pressed against the gasket lip with about 1 
kg. of pressure. The upper edge of the gasket was peeled back to allow about 27.4 grams of the 
' monomer blend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating device. H is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to become locally focused too strongly on the monomer in the cavity and 
may cause an optical distortion in the final product. 

Curing: TTie sample was irracfiated for fifteen minutes under the above conditions and removed from the 

curing chamber. 

Results: The sample was found to have released from the moWs prematurely. It also showed heat bubbles 

at the edge. 

EXAMPLE 11 - HIGH INTENSITY UV POSTCURE - 1 COMPOSITION 

A number of lenses were prepared with the same physical molds and gasket, with the same lens forming compo- 
sition, and under identical initial UV light curing conditions. These lenses were then subjected to various combinations 
of second and/or third UV intensity/time and temperature/lime conditions. The results for Shore D hardness and impact 
resistance of each lens are shown in Table 2. The second or third UV source was a UVEXS CCU curing chamber con- 
figured with a medium pressure vapor lamp, a collimated dichroic reflector whfch reduced the IR radiation of tiie lamp 
by 50%. and two selectable output levels. The low setting provides approximately 1 75 mW/cm^ at about 365 nm and 70 
mW/cm^ at about 254 nm. The high setting produces about 250 mW/cm^ at about 365 nm and 100 mW/cm^ at about 
254 nm. The initial curing conditions are identified below. 

Formulation: 



17% 


Biaphenol A BisAllyl Carbonate 


10% 


1,6 Hexanediol dimethacrylate 


20% 


Trimethylolpropane triaaylate 


21% 


Tetraethyleneglycol diacrlate 


32% 


Tripropyleneglycol diacrtyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048 


Methylbenzoytfbrmate 


<10PPM 


Hydroquinone & Methylethylhydroquinone 



Initial Cure Light Condition: 

Mw/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.251 
0.236 


0.330 
0.265 
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Air Row: 

9.6 CFM per manifold / 19.2 CFM total on sample 

Air Temperature: 

4.8 degrees Centigrade 

Molds: 

80 mm dia. Coming #8092 glass 





Radius 


Thickness 


Concave: 


113,22 


3.2 


Convex: 


78.52 


5.2 


Lens Power: -1.90 D 




L£r^ Thickness: 2.2 mr 


n 


Lens Diameter: 73 mm 





Gasket: . 

General Electric SE6035 silicone rubber with a 3 mm thtek lateral lip dimension and a vertical lip dimension sufficient to 
provide an initial cavity center thickness of 2.4 mm. 

Curing: 

TTie sample was irradiated for fifteen minutes under the above conditions and removed from the curing chamber. The 
molds were separated from the cured lens by applying a sharp impact to the junction of the lens and the convex mold. 
The sample was then postcured as described. Unless othenwise Indicated, the stated "hard" or high intensity UV post- 
cure time/intensity doses were applied twice » i.e.. first to the convex surface and then to the concave surface for e^ 
exposure. For example, if the dose is described as "1 .4 sec/low", it means that the front surface of the lens was exposed 
for 1.4 seconds to the low intensity rays and then the lens was turned over and the back was exposed for the same 
length of time to the same intensity level of light. The term "CX" means convex, the temi "CC" means concave, the term 
"HD" means Shore D hardness, "pass" means the lens passed the r steel ball impact resistance testdesalbed in the 
previous examples (see e.g.. example 9), ''2nd U\r means the first UV postcure light (the initial cure was the st UNT). 
and "3rd UV" means the second UV postcure light. Time units are in minutes, unless "sec" for seconds is ^ecif led. 
Temperature is defined in degrees Centigrade. 



TABLE 2 



HIGH INTENSITY UV/THERMAL POSTCURE EXAMPLES 


# 


2nd UV Lamp 
Time/Intensity 


1st Themnal 
Postcure 
Time/Temp 


3rd UV Lamp 
Time/Intensity 


2nd Thermal 
Postcure 
Time/Temp 


Shore D Hard- 
ness 


Impact 1" Ball 


1 


0 


0 


0 


0 


65 




2 


0 


10:00/1 15»C 


0 


0 


80 


Pass 


3 


1.4 sec/low 


10:00/115°C 


0 


0 


82 


7/8" 


4 


0 


5:00/1 15°C 


1.4 sec/low 


5:00/ 11 5C 


83 


Pass 


5 


1.4 sec/low 


5:00/1 15'»C 


1.4 sec/low 


5:00/ 11 5C 


85 


Pass 


6 


1.4 sec/low 


5:00/ 65"C 


1.4 sec/low 


5:00/ 65C 


80 


Pass 


7 


1.4 sec/low 


5:00/ 65°C 


1.4 sec/low 


15:00/65C 


81 


Pass 


8 


1.4 sec/low 


5:00/ 65°C 


1.4 sec/low 


25:00/65 C 


81 


Pass 


9 


1.4 sec/low 


5:00/ 80»C 


1.4 sec/low 


5:00/80C 


82 


Pass 
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TABLE 2 (oorrtimied) 





HIGH INTENSITY UV/THERMAL POSTCURE EXAMPLES 


5 


# 


2nd UV Lamp 
Time/Intensity 


1st Thermal 
Postcure 
Hme/Temp 


3rd UV Lamp 
Time/Intensity 


2nd Thermal 
Postcure 
Time/Temp 


Shore D Hard- 
ness 


Impact 1** Ball 




10 


1.4 sec/low 


5:00/140*0 


1.4 sec/low 


5:00/1 40C 


85 


Pass 




11 


1 .4 sec/low 


5:00/1 80"C 


1.4 ses/low 


5:00/1800 


85 


Pass 


10 


12 


12.0 sec/high 


0 


0 


0 


80 


Pass 




13 


12.0 sec/high 


1:00/180''C 


0 


0 


83 


Pass 




14 


12.0 sec/high 


10:00/1 IS'^C 


0 


0 


85 


Pass 


IS 


15 


12.0 sec/high 


30:00/ 65°C 


0 


0 


83 


Pass 




16 


12.0 sec/high 


10:00/1 15«C 


1.0 sec/low 


0 


85 


Pass 


20 


17 


1,0 sec/low 
(Exposed CX 
side IX only. CC 
side 0 limes) 


5:00/1 15«C 


1.0 secTlow 
(Exposed CX 
side 1 X only, CC 
side 0 times) 


5:00/1 15C 


83 


Pass 



EXAMPLE 12 ' HIGH INTENSITY UV POSTCURE - VARIOUS COIVIPOSITIONS 



25 A number of I enses made from different compositions were prepared with the same physical molds and gasket, and 
under identical initial curing conditions. The lenses were then subjected to fixed postcure procedures with fixed UV 
intensityAime and temperature/time conditions. It should be noted that each of the acrylic components were passed 
through an alumina column to remove impurities and inhibitors before use. The results for Shore D hardness after the 
postcure. and the impact resistance of each product are shown in Table 3. The postcure UV source used was a UVEXS 

30 ecu curing chamber configured with a medium pressure vapor lamp, a colllmated dichroic reflector which reduced the 
IR radiation of the lamp by 50%, and two selectable output levels. The low setting provides approximately 175 mW/cm^ 
at about 365 nm and 70 mW/cm^ at about 254 nm. The high setting produces about 250 mW/cm^ at about 365 mn and 
100 mW/cm^ at about 254 nm. The initial curing conditions are identified below. 

35 Initial Cure Light Condition: 

Mw/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0.248 



45 

Air Row: 

9.6 CFM per manifold / 19.2 CFM total on sample 

Air Temperature: 
50 4.8 degrees Centigrade 

Molds: 

80 mm dia. Corning #8092 glass 

55 
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5 



10 





Radius 


Thickness 


Concave: 


113.22 


3.2 


Convex: 


78.52 


5.2 


Lens Power: -1.90 D 




Lens TTiickness: 2.2 mr 


n 


Lens Diameter: 73 mm 





Gasket: 

General Electric SE6035 silicon© rii)ber with a 3 mm thick lateral lip dimension and a vertical lip dimension sufficient to 
15 provide an initial cavity center thid^ess of 2.4 mm. 

Curing: 

The sample was irradiated for fifteen minutes under the above conditions and removed from the curing chamber. The 
molds were separated from the cured lens by applying a sharp Impact to the junction of the lens and the convex mold. 

20 The lens was then postcured by first exposing it to the low power setting in the UVEXS curing chamber (1.4 seconds 
each side after demokJing). The sample was then placed in the thermal oven for five minutes at 1 15 degrees Centi- 
grade, removed from the oven, and once again exposed for 1 .4 seconds to the postcure UV at the low power setting. It 
was then returned to the thermal oven for another five minutes at 1 1 5 degrees Centigrade. The postcure UV doses were 
applied first to the convex surface and then to the concave surface tor each exposure. For exanrple. if the dose is 

25 described as "1 .4 sec/low", it means that the front surface of the lens was exposed for 1 .4 seconds to the low intensity 
and then the lens was turned over and the back was exposed for the same length of time at the same intensity level. 
The impact resistance ("l/RT of each lens was pursuant to ANSI standards, as described for the other examples. The 
lenses were first tested with a 5/8" diameter steel ball bearing, a 7/8" steel ball bearing, and then a 1 " steel ball bearing. 
The maximum diameter of ball bearing that the sample survived the impact of is described below. '•CR-73'' means 

30 bispherol A bis(allyl carbonate), "MBZF" means methyl benzoytformate, "Irg. 184" means Irgacure 184. 
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35 


ap 


0.265 


0.0064 
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0.0115 


0.014 
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0.021 


40 


% MBZF 
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The initial UV curing time for each lens was 15 minutes, with the exception of the compositions with only TTEGDA 
with MBZF and Irgacure 184 (which had an initial curing time of 20 minutes), the compositions with only HDDMA and 
MBZF (which had an initial curing time of 45 minutes), the composition with only CR-73, TMPTA, and MBZF (which had 
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an initial curing time of 20 minutes). The lenses that resulted were generally all water-white optically dear lenses with 
negligible yellowing and negligible haziness. The 100% TMPTA and 98.6% TMPTA lenses were slightly yellow but oth- 
erwise they were the same as the other lenses. These slightly yellow lens fonmulations may have the yellowness 
reduced with the addition of an effective amount of Thern^last Blue added to the formulation. 

Generally speaking, the single component (or primarily single component) lenses had generally less prefen-ed opti- 
cal qualities. Some of these lenses had slight wave patterns in some portions of the lenses. 

It is thus seen that the methods, apparatus and compositions of the present invention provide several advantages. 
For example, according to certain embodiments of the present invention a plastic optical lens can be cured in 30 min- 
utes or less. Furthermore, In certain embodiments of the present invention, the lens composition includes monomers 
having a higher refractive index than conventional monomer materials allowing the production of thinner lenses. 

Although not specifically Illustrated in the drawings, it is understood that other additional and necessary equipment 
and structural components will be provided, and that these and all of the components described above are arranged 
and supported in an appropriate fashion to form a complete and operative system. 

It is also understood that variations may be made in the present invention without departing from the spirit and 
scope of the invention. Of course, other variations can be nrrade by those skilled in the art without departing from the 
invention as defined by the appended claims. 

FURTHER IMPROVEMENTS 

Postcure With An Oxygen Barrier 

In certain applications all of the lens forming composition may fiail to conrpletety cure by exposure to the first ultra- 
violet rays In the initial curing step. In particular, a portion of the lens forming composition proximate the gasket often 
remains in a liquid state following application of the first ultraviolet rays. It is believed that the gaskets are often some- 
what permeable to air. and, as a result, oxygen permeates them and contacts the portions of the lens forming material 
that are proximate the gasket. Since oxygen tends to inhibit the photocuring process, portions of the lens forming com- 
position proximate tiie gasket tend to remain uncured after application of the first uHraviotet rays. 

Uncured lens forming composition proximate the gasket is a problem for several reasons. First the liquid lens form- 
ing composition leaves the edges of the cured lens in a somewhat sticky state, which makes the lenses more difficult to 
handle. Second, tiie liquid lens forming composition is somewhat difficult to completely remove from tiie surface of the 
lens. Third, liquid lens forming composition may flow and at least partially coat tiie surface of lenses when such lenses 
are removed from the moWs. This coating is difficult to remove and makes application of scratdi resistant coatings or 
tinting dyes more difficult. This coating tends to interfere with the interaction of saatch resistant coatings and tinting 
dyes with tine cured lens surface. Fourtii, if droplets of liquki lens fonning niaterial fomi, these droplets may later cure 
and form a ridge or bump on the surface of the lens, especially if the lens undergoes later postcure or scratch resistant 
coating processes. As a result of the above problems, often lenses must be tediously cleaned or recast when liquid lens 
forming composition remains after the initial cure process. 

The problems outiined above can be mitigated if less liquid lens forming composition remains proximate the gasket 
after the initial cure step. The following alternate embodiments of the invention have been developed to address this 
problem. 

In one alternate emtjodiment of the invention, a plastic eyeglass lens may be made by the following steps: (1) plac- 
ing a liquid polymerizable lens forming composition in a mold cavity defined by a gasket a first mold member, and a 
second mokJ member; (2) directing first ultraviolet rays toward at least one of tiie mold members to cure the lens fonn- 
ing composition so that it forms a lens with a back face, edges, and a front face; (3) removing the gasket to expose the 
edges of the lens; (4) applying an oxygen barrier around the exposed edges of the lens; and (5) directing second ultra- 
violet rays towards the lens. Steps 1 -3 are substantially the same as described above (see. e.g.. Rgures 1 -6. Exanples 
3-10, and related discussion). Steps 4-5 will be described in detail below. 

A purpose of steps 4-5 is to reduce the amount of uncured liquid lens forming composition that is present when the 
lens is separated from the molds and/or gasket It has been found that reducing the amount of liquid lens forming com- 
position is especially advantageous if such reduction occurs before the moWs are separated from tfie cured lens. This 
advantage results for tiie following reasons. 

Separating the molds from the cured lens may cause uncured liquids to at least partially coat the lens faces. This 
coating occurs because uncured liquid lens fbnming composition tends to get swept over tiie faces when the molds are 
separated from the lens. It is beOeved ttiat curing of the lens tends to create a vacuum between tiie lens and tiie moid. 
Air sweeps over ttie moW faces to fill this vacuum when the molds are s^)arated from the lens. This air tends to take 
liquki lens forming composition into the vacuum witii it 

In step 4 above, an oxygen banier is applied to tiie edges or sides of the lens after tfie gasket is removed. Prefer- 
ably the oxygen banier is applied while the lens are still attached to tfie molds. In an alternate embodiment the oxygen 
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barrier is also applied to the edges or sides of the molds at the same time it is applied to the sides of the lens. In a pre- 
ferred embodiment, the sides of the lenses are first cleaned or wiped to remove at least a portion of the uncured liquid 
lens forming composition before the oxygen barrier is applied. 

After the oxygen barrier is applied, second ultraviolet rays are directed towards the lens. After the second ultraviolet 

5 rays are directed toward the lens, at least a portion of the liquid lens forming connposition which was not cured in the 
initial cure steps is cured, in this manner, the amount of liquid lens forming composrtibn in contact with the cured lens 
is reduced. In a preferred embodiment, substantially all of the remaining liquid lens forming cooposition is cured after 
the second ultraviolet rays are directed toward the lens. More preferably, the lens is substantially dry after the second 
ultraviolet rays are directed towards the lens. 

10 After the second ultraviolet rays are directed toward the lens, the lens may then be demolded. After the lens ts 
demoided. a scratoh resistant coating may be applied to the lens. In one embodiment, a scratch resistant coating is 
applied to the demolded lens by applying a liquid scrateh resistant coating composition to a face of the lens and then 
applying ultraviolet rays to this face to cure the liquid scratch resistant coating to a solid. 

In a preferred embodiment, the total intensity of the first ultraviolet rays directed toward the mold members is less 

15 than about 10 mW/cm^. Preferably the intensity of the second ultraviolet rays directed toward the lens is about 150-300 
mW/cm^ at a wave length range of about 360-370 nm. and about 50-150 mW/cm^ at a wave length range of about 250- 
260 nm. Preferably the second ultraviolet rays are directed towards the lens for less than about 1 nrvnute, as described 
above for the postcure process. 

In a preferred embodiment the at>ove method may further comprise the additional step of directing third ultraviolet 

20 rays towards the lens before the oxygen banrier is applied. These third ultraviolet rays are preferably applied before the 
gasket Is removed. Preferably, the second and third ultraviolet rays are directed toward the back face of the lens (as 
stated above, the second and third ultraviolet rays are preferably applied while this lens is in the mold cavity). The third 
ultraviolet rays are preferably about the same range of intensity as the second ultraviolet rays. The same apparatus may 
be used for both the second and third ultraviolet rays. 

25 The same apparatus and processes described for the postcure processes may be used in the embodiments of the 
invention described in this "FURTHER IMPROVEMEhTTS" section. For instance, the same intensity and amount of sec- 
ond and third ultraviolet rays may be used both in these "FUFTTHER IMPROVEMENTS" processes and in the postcure 
process. 

In a preferred embodiment, the method described above also includes the step of removing the oxygen barrier from 
30 the edges of the lens. The oxygen barrier is typically renrtoved after the lens is cooled or allowed to cool. 

In an alternate embodiment, the method descnbed above may also include the step of heating the mokJs prior to 
application of the second ultraviolet rays, and more preferably prior to application of the oxygen barrier, and more pref- 
erably still prior to removal of the gasket. Heating the gasket and mokls serves to transfer heat to the surface of the lens, 
which in tum tends to enhance the cure of any uncured liquid lens forming composition. It is to be understood that the 
35 amount of heat may vary, depending on the heating time and the quantity of second or third ultraviolet rays to be 
applied. As tiie heating time or quantity of ultraviolet light increases, then the heating temperatore required may 
decrease. Preferably tiie molds and gasket are heated at a temperature of SO-iyO'C for 1-10 minutes, more preferably 
12Q-150<»C for 2-5 minutes. 

The second and third ultraviolet rays may be repeatedly directed towards the lens. For instance, these ultraviolet 
40 rays may be applied via a light assembly whereby the lens passes under a light source on a movable stand. The lens 
may be repeatedly passed under the lights. Repeated exposure of tiie lens to the ultraviolet rays may be more beneficial 
than one prolonged exposura In this manner the lens may have an opportunity to transfer heat from the lens (i.e. to cool 
the lens), or more evenly throughout various portions of the lens. 

Preferably the oxygen barrier comprises a film, and more preferably a ptastfe. flexible, and/a daslic film. In addi- 
45 tlon, the oxygen banrier is preferably at least partially transparent to ultraviolet rays so that ultraviolet rays may penetrate 
the oxygen banier to cure any remaining liqukl lens forming composition. Preferably the oxygen banier is stretehable 
and self-sealing. These features make the film easier to apply Preferably the oxygen barrier is resistant to penetration 
by liquids, thus keeping any liquid lens forming composition in the mold assembly. Preferably, the oxygen bamer com- 
prises a thermoplastic composition. It is anticipated that many different oxygen barriers may be used (e.g., saran wrap. 
50 polyethylene, ete.). In one prefen-ed embodiment, tfie film is "Paraf Qm M Laboratory Rim" which is available from Amer- 
ican National Can (Greenwich, CT, U.S.A.). The oxygen bamer may also comprise aluminum foil. 

OXYGEN BARRIER EXAMPLE #1 

55 A liquid lens forming corrposition was initially cured as in a process and apparatus similar to that specified in Exam- 
ple 1 1 . The composition was substantially the same as specified in Example 1 1 . with the exception tiiat hydroquinone 
was absent, tiie concentration of methylethylhydroquinone was about 40-50 ppm, tfie concentration of 1 hydroxycy- 
dohexyl phenyl ketone was 0.017 percent, and the concentration of methylbenzoyHbrmate was 0.068 percent. The 
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composition underwent the initial 15 nrtinute cure under the "1st UV." The apparatus was substantially the same as 
described for Example 1 1 , with the following exceptions: 

1 . The air f lowrate on each side of the lens mold assentsly was estimated to be about 18-20 CFM. 

5 

2. The apparatus was modified in that air flowed to and from the openings 96 and orifices 98 (which were them- 
selves substantially unchanged) through a duct behind the lens forming chamber, instead of through pipes (ag. 
pipe 12 in Rgure 5). Essentially plenum portion 95 was expanded so that the walls of the chamber are the wails of 
the plenum portion 95. Rgure 14 depicts a front view of this lens curing a^^ratus 800. Air in apparatus 800 flows 

10 from the orifices 98, over the lens mold assemt)ly 802. throjgh ducts 804, through fan 806, through heat exchanger 
808, and then through ducts 810 and back to orifices 98 via air return conduits 824 (shown on Figure 15). Rgure 
14 also shows a water chiller 812 which cools water and then sends it through conduits 814 and through heat 
exchanger 808. Rgure 14 also shows lights 816 and frosted glass 818. The chamber 820 surrounding lights 816 is 
not connected to the chamber 822 around the mold assembly 802. In this manner chilled air from orifices 98 does 

IS not contact and cool the lights 81 6 (such cooling tends to cause excessive changes in light output). The chancer 
820 is cooled by fans (not shown) which turn on and off d^ending on the temperature of the surface of the lights 
81 6. Rgure 1 5 shows a side view of apparatus 800. 

3. The air f lowrate in and out of the chambo' surrounding the lights was varied in accordance with the sur^ce tem- 
20 perature of lights. The air f lowrate was varied in an effort to keep the temperature on the surface of one of the lights 

between 1 04.5*»F and 1 05»F. 

4. The ultraviolet light output was controlled by varying the power sent to the lights as the output of the lights varied 
(see discussion below). 

25 

5. Frosted glass was placed between the lights and the filters used to vary the intensity of the ultraviolet light across 
the face of the molds. Preferably the glass was frosted on txrth sides. The frosted glass acts as a diffuser between 
the lights and these filters. This frosted glass tended to yield better results if it was placed at least about 2 mm from 
the filter, more preferably about 10-15 mm. more preferably still about 12 mm. from the filter. Frosted glass was 

30 found to dampen the effect off the filters. For Instance, the presence of the frosted glass reduced the systems' ability 
to produce different lens powers by varying the light (see Example 1 and Rgure 1). 

6. In Figure 3 the center lights 40 are shown in a triangular arrangement when viewed from the side. These lights 
were reananged to provide an in-line anrangement 

35 

After initial cure, the lens mold assembly was rennoved from the curing chamber. The lens mold assembly included 
a lens surrounded by a front mold, a back nrald, and a gasket between the front and back molds (see, e.g., the assembly 
in Rgure 6). 

At this point the protocol in Example 1 1 stated ifwA the lens was demolded (see above). While demoWing at this 
40 point is possible, as stated above generally some liquid lens forming composition remained, especially in areas of the 

lens proximate the gasket. Therefore the lens was not demolded as stated in Example 11. Instead, the gasket was 

removed, liquid lens forming conposrtion was wiped off the edges of the lens, and a layer of oxygen barrier (ParafOm 

M) was wrapped around the edges of the lens while the lens was still between the molds. The Paraf ilm M was wrapped 

tightly around the edges of the lens and then stretched so that it would adhere to the lens and molds (i.e. in a manner 
45 Similar to that of Saran wrap). The lens mold assembly was then placed in apparatus 600 so that the back lace of the 

lens (while between the molds) could then be exposed to second ultraviolet light 

This second ultraviolet light was at a substantially higher intensity than the initial cure light which was directed at 

an intenaty of less than 10 mW/cm^. The second ultraviolet light corresponded to the high light setting in Exanple 11. 

The mold assembly was passed in and out of second chamber 604 in Figure 10 when the light was set at the high set- 
50 ting. Passing in and out of the chamber took about 22 seconds. The total light energy applied during these 22 seconds 

was about 4500 miilijoules per square centimeter rmJ/cnfl. 

Preferably the total light energy applied per pass under the second and third ultraviolet ray lights was in the range 

of about 500-10.000 mJ/cm^, more preferaWy about 3000-6000 mj/cnf, and more preferably still 4000-5000 mJ/crn^. 

Light energy may be varied by varying the time of esqposure. or the intensity of the light. Light energy was measured with 
55 a Model IL390B Ught Bug from International Light Inc. (Newburyport MA. USA). The total light energy represents 

the total amount of ultraviolet light over the range of 250 to 400 nm. 

It has been found that applying ultraviolet light at this point helped to cure some or all of the remaining liquid lens 

forming composition. The second ultraviolet light step may be repeated. In this example the second ultraviolet light step 
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was repeated once. It is also possible to expose the front or both sides of the lens to the second ultraviolet tight. 

After the second ultraviolet light was applied, the mold assenrt)ly was allowed to cool. The reactions caused by 
exposure to ultraviolet light are exothemnic. More innportantly, the ultraviolet lights tend to emit infra-red light whic^ in 
turn heats the mold assembly The lens was then demolded. The demokied lens was substantially drier and harder than 
lenses that are directly removed from mold assemblies after the initial cure step. 

OXYGEN BARRIER EXAMPLE #2 

The protocol of Oxygen Barrier Exanrple #1 was repeated except that prior to removal of the gasket the lens mold 
assembly was positioned so that the back face of the lens was exposed to third ultraviolet light. In this case the third 
uKraviolet light was at the same intensity and for the same time period as one pass of the second ultraviolet light It has 
been found that applying third ultraviolet light at this point helped to cure some or all of the remaining liquid lens forming 
composition so that when tiie gasket was removed less liquid lens forming composition was present. All of the remain- 
ing steps in Oxygen Barrier Example #1 were applied, and the resultant lens was substantially dry when removed from 
the molds. 

Postcure WRh A Second Composition Curable With Oxygen Present 

In an altemate embodiment of the invention, the lens may be processed as described above except that the oxygen 
ban'ier is onvtted. Instead, steps 1-3 are repeated, excess liquid lens forming composition is removed, and then a sec- 
ond composition is applied to at least a portion of the exposed sides of the lens. This second composition is preferably 
bondable to the lens and substantially curable by exposure to ultraviolet light in the presence of oxygen. After the sec- 
ond conrposition is applied, the second ultraviolet rays are tiien directed towards the lens. 

In this embodiment of ttie invention the second composition is preferably applied by holding tiie gasket-free mold 
assembly such that the faces of the molds and lens are vertically aligned. The second composition may be applied by 
dispensing droplets of second composition on tine top of the uppermost portions of tfie sides of the lens. Gravity and 
surface forces force the second composition to flow around on the sides of the lens. Preferably less than 5.0 milliliters 
("ml") is applied, and nrore preferably 4-5 drops are applied. 

A second composition is preferably selected that will bond with the lens and the liquid lens forming composition dur- 
ing application of the second ultraviolet rays to form a substantially dry surface on the lens. In a prefen-ed embodiment 
the second composition was substantially the same as the first composition except that the second composition had at 
least about five times tiie anrraunt of photoinitiator present, nrore preferably at least about 10 times the amount of pho- 
toinitiator present and more preferably still at least about 20 times tiie amount of photoinitiator present. In a preferred 
embodiment the second conrposition was the same lens forming composition as described in Example 1 1 . except that 
it had 2.5 % of Irgacure 184 photoinitiator present (ttie MBZF in the photoinitiator was replaced with Irgacure 184 since 
Irgacure 184 is more reactive than MBZF). Preferably the photoinitiator in ttie second composition is more reactive than 
the photoinitiator in tiie lens forming composition. 

In general tiie second composition is preferably curable in the presence of oxygen. It should also be compatible 
witii the lens and liquid lens forming composition. It is possible to make some lens forming compositions curable in tiie 
presence of oxygen by adding large portions of photoinitiator to them, and/or by replacing the photoinitiator in them with 
a more reactive photoinitiator. Such second compositions are generally not usable as lens forming conopositions 
because they tend to cure unevenly and prematurely release from molds during cure. Nevertheless, such compositions 
may be used as second conpositions since they are used in snrnll quantities to form relatively thin layers. 

In an alternate embodiment of the invention the mokj assembly may be processed without an oxygen barrier by 
applying the ultraviolet light in an oxygen free environment. For instance, after initial cure the mold assembly may be 
removed, and ttien placed in a light transparent compartment or box. The compartment may then be purged of oxygen 
witii a substantially oxygen-free gas stream {e.g., a substantially inert gas such as nifrogen, argon, helium, or a mixture 
thereof). The compartment may then be exposed to ultraviolet light to caire any remaining liquid lens fonming conrposi- 
tion. Alternately, the gasket may be removed from the mold assembly prior to placing tiie mold assembly in tiie com- 
partiTtent. In another altemate emtxxJiment the mold assembly may be placed in a light channber which included a 
substantially oxygen-free environment. 

Po^cufQ Whil0 Ih The Mold Assgmt?lY 

In an afternate embodment of ttie invention, ttie lens may be formed by ttie following steps: (1) placing a liquid 
polymerizaWe lens forming composition in a mold cavity defined by at least a gasket, a first moW member, and a second 
mold member. (2) directing first ultraviolet rays at a total intensity of less tiian about 10 mW/cm^ toward at least one of 
the mold members to cure ttie lens forming composition so ttiat It forms a lens witti a back face, sides, and a front face. 



37 



EP0656 827 B1 



(3) directing second ultraviolet rays at an Intensity of about 150-300 mW/cm^ at a wavelength range of about 360-370 
nm, and about 50-1 50 mW/cm^ at a wavelength range of about 250-260 nm towards the lens while the lens is still in the 
mold cavity, and (4) demolding the lens. This method of the invention serves to reduce or eliminate any excess ('quid 
lens forming composition remaining after the first cure without having to remove the gasket while liqu^ lens forming 
composition remains. It is believed to be advantageous if the gasket is made as transparent and oxygen impermeable 
as possible without losing other characteristics that make the gasket adaptable tor the initial curing steps. Semitrans- 
parent gaskets that are substantially oxygen impenmeable may be adequate for this application. 

Ultraviolet Light Control 

It has been found that consistent results are nrtore difficult if light output varies during a single application, or 
between different applications. Varying light outputs tend to cause lens production to decrease because of increased 
occunrence of premature release, etc. In this respect lens curing applications differ from many other aRDlications where 
ultraviolet light is applied (e.g.. coatings, etc.). In other applications, the light output is normally not carefully controlled. 
Acceptable results are achievable as long as the light output is witiiin a certain range. Witti lens casting applications, 
however, the lens forming material is much tiiicter and the final product quality must be much higher. As a result, tiie 
process is much more sensitive to variables such as light output, temperature, etc. 

Light outputs vary depending on tiie age of the lights, the manufacturer of the lights, voltage variances, etc. For 
instance, It was discovered that light outputs could vary signifk^antiy from one location to another location. As a result, 
a lens casting apparatus that worked well in one location would not necessarily work well in another location. Even 
apparatus in the same location would vary widely in perfomnance due to voltage variances over the course of a day, the 
age of the lights, etc. 

To control light output, attenpts were made to add equipment to control electric voltages within narrow ranges. This 
equipment was relatively expensive and did not solve the problem of output variances due to quality differences, light 
age. etc. These otiier output variances can be controlled by testing the lights upon receipt and by replacing tiie lights 
after a certain anvsunt of use, however such steps are somewhat expensive and require excessive anfK)unts of account- 
ing to track indivklua] lights. 

The light output problem was ultimately solved by measuring and controlling tiie light itself by varying tiie amount 
of power applied to the lights In response to changes in light output. Specifically, a preferred en^odiment of the inven- 
tion includes a light sensor mounted near tiie lights. This light sensor measures the amount of light, and then a control- 
ler increases tiie power supplied to maintain tiie first ultraviolet rays as tiie Intensity of the first ultraviolet rays deaeases 
during use. and vice versa. Specifically, the power is varied by varying the voltage supplied to the lights. In a prefen^ed 
embodiment tiie light sensor is applied as dose as possible to the cell holder 70 in Figure 2. 

The preferred "lamp driver" or light controller was a Meraon Model FX0696^ and Model FX06120-6 (Mercron -- 
Dallas, Texas, U.S.A.). These light controllers may be described in U.S. patents 4.717,883 and 4,937,470. 

Figure 13 schematically depicts the light control system desaibed above. The lights 40 in apparatus 10 apply light 
towards the lens holder 70. A light sensor 700 is located adjacent the lights 40. Preferably the light sensor 700 is a pho- 
toresistor light sensor (photodiodes or other light sensors may also be usable in this application). The light sensor 700 
Is connected to lamp driver 702 via wires 704. Lamp driver 702 sends a cunrent ttirough tiie light sensor 700 and 
receives a return signal from the light sensor 700. The return signal is compared against an adjustable set point, and 
then the amount of voltage sent to the uKravrotet lights 40 via wires 708 is varied dependng on the differences between 
the set point and ttie signal received from ttie light sensor 700. Preferably tiie light output is maintained witiiin about +/- 
1.0 percent. 

Other Lens FormlnQ Compositions 

One possible problem witti the lens forming and saatch resistant coating compositions of tfie invention is that some 
lens making personnel are allergic to these compositions when ttiey are in ttie Iquid uncured form. To solve this prob- 
lem, substitute compounds were found as replacements for tiie ingredients of these compositions. Many of ttie substi- 
tute compounds were etiioxylated. 

One lens forming composition. didDbed "PRO-629'' or "OMB-SI was composed of ttie following components: 



Component 


% 


Irgacure 184 (Ciba-Geigy) 


0.017 
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(oorrtinued) 



Component 


% 


Methytbenzoyl formate (Aldrich) 


0.068 




OA A 

20.0 


TTEGDA(SR-268) 


21.0 


TPGDA(SR-306) 


32.0 


HDDMA(SR-239) 


10.0 


CR-73 (PPG) 


17,0 


Thermoptast blue p (BASF) 


0.35 ppm 


4-methaxyphenol (inhibitor) 


^45ppm 



The term "SR" means Sartomer Company. For instance. "SR-SSr Is a name designated by Sartomer for the Sar- 
tomer brand of TWIPTA. The inhBaitor was present in the compounds obtained from Sartomer. The lens composition 
desaibed above was found to form lenses with desirable properties at the following condition: 

1 . Ught Intensity (measured at 365 nm) was ^ 0.3 mW/cm^ per face of mold. 

2. Cooling air temperature was about 4-IO^C. 

3. The casting period was 15 min. with maximum temperature of the composition occurring after 10 min. 

4. After initial cure, the lens was passed under the "high" setting of ultraviolet light described in Example 1 1 (1 pass 
for the front face and 2 passes for the back face). 

5. The formed lenses had a hardness of about 83 (Shore D). 

The choice of ingredients for the lens forming and scratch resistant compositions is limited by its safety (i.e.. toxicity, 
odor, skin irritation, etc.). Pro-629 components are generally low in toxicity and considered relatively safe and stable! 
although gloves and goggles are recommended when handling these compositions. Nevertheless, further improve- 
ments are possible with additional changes to the composition. The folkjwing PRO-629 conposition was modified as 
follows: 





Pro-629 


Modified Composition 


In 


0.085% 


0.06% 


TMPTA 


20.0% 


20.5% (SR-454) 


TTEGDA 


21.0% 


21.5%(SR-344) 


TRPGDA 


32.0% 


32.8% 


HDDMA 


10.0% 


10.2% 


CR-73 


17.0% 


15.0% 


TPb 


0.35 PPM 


0,25 



The term Tin** means the amount of initiator present The initiator used was a mixture of 20 percent Irgacure 184 
and 80 percent methyibenzoyi formate. The term TPb" means thermoplast blue. Ail of the above compounds were 
passed through an alumina column to remove impurities (including the inhibitor). The resulting conpositkan was sub- 
stantially odoriess. 

The modified composition had an index of refraction at 20**C of 1 .471 versus an index of refraction of 1 .4735 for the 
PRO-629 composition. 



39 



EP0 656 827 B1 



Maximum temperatures in the lens forming composition during curing Xook place after about 580 seconds for the 
PRO-629 composition and after about 490 seconds for the modified composition. Resulting lenses were water-clear 
and exhibited good optical qualities. The lenses produced with the PRO-629 composition had a hardness of about 83 
Shore D, and the lenses produced with the nrxxiified composition had a hardness of about 77-78 Shore D. 

The modified formula of PRO-629 was made by replacing SR^51 with SR-454 arKj SR-268 with SR-344. The con- 
centration of photoinrtiator was reduced in the nwdif ied composition so that the time when the maximum ten^erature 
was achieved was approximately the same as for the PRO-629 composition. The modified conrposition exhtoited the 
following results when cured to form an eyeglass lens: 

1 . Reaction speed was comparable to PRO-629 (@ cooling air temp, of 4-5**C). 

2. Lens power was comparable to P RO-629. 

3. Shore D hardness was a maximum of 78. which is less than the PRO-629 Shore D hardness of 83-85. 

4. Impact resistant was slightiy better than PRO-629 (at a center thickness of about 1 .4 mm). 

5. The final color after heat treatment was water clear, which was slightiy better the final color of PRO-629 lenses. 

The reduction in hardness is related to the absence of TMPTA, and to a lower concentration of photoinrtiator. Ethox- 
ylated TMPTA produces a softer lens, which in turn causes the lens to have improved irrpact resistant and clarity. This 
composition may be preferred in thicker lenses when the hardness difference is less important. 

Claims 

1 . A method for making a plastic eyeglass lens, comprising the steps of: 

directing ultraviolet rays toward at least one of several mold members to cure a lens forming composition 
placed in a mold cavity (82) so that it forms a lens wrth a back face, edges, and a front face; characterized by 

placing a liquid polymerirable lens fomning composrtion in a mold cavity (82) defined by at least a gasket (80), 
a first mold member, and a second nrwld member (78) ; 

directing first ultraviolet rays toward at least one of the mold menders (78); 

removing the gasket (80) to expose the edges of the lens; 

applying an oxygen barrier around the exposed edges of the lens; and 

directing second ultravfolet rays towards the lens. 

2. The method of claim 1 wherein the lens forming composrtion is cured to form the lens in less than one hour. 

3. The method of daim 1 wherein the lens forming composrtion is cured to form the lens in less than thirty minutes. 

4. The method of claim 1 wherein a portion of the liquid lens fomiing corrposrtion proximate to the gasket remains a 
liquid after the first ultraviolet rays are directed towards at least one of the mold mentjers. 

5. The method of claim 4. further comprising the step of removing at least part of the remaining liquid lens-forming 
composition from the lens after the gasket is removed but before the second ultraviolet rays are directed towards 
the lens. 

6. The method of daim 4 wherein at least a portion of the remaining liquid lens forming composrtion is cured after the 
second ultraviolet rays are drected towards the lens. 

7. The method of daim 1 wherein the lens is substantially dry after the second ultraviolet rays are directed towards 
the lens.. 
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8. TTie method of claim 1, further conrprising the additional step of directing third ultraviolet rays towards the lens 
before the oxygen barrier is applied. 

9. The method of claim 1. further comprising the additional step of directing third ultraviolet rays towards the lens 
before the gasket is removed. 

1 0. The method of claim 8 wherein the third ultraviolet rays are directed towards the back face of the lens. 

1 1 . The method of claim 1 wherein the second ultraviolet rays are directed towards the back face of the lens. 

12. The method of claim 1, further comprising the additional step of heating the lens after the second ultraviolet rays 
are directed towards the lens. 

1 3. The method of claim 1 , further comprising the step of controlling the intensity of the first ultraviolet rays by varying 
power supplied to the first ultraviolet rays as the intensity of the first ultraviolet rays varies during use. 

14. The method of claim 1 wherein second ultraviolet rays are repeatedly directed towards the lens. 

15. The method of claim 8 wherein third ultraviolet rays are repeatedly directed towards the lens. 

16. The method of claim 1, further comprising the step of heating the mold assembly prior to removing the gasket. 

1 7. The method of daim 8, further comprising the step of heating the mold assembly prior to applying the thirxf ultravi- 
olet rays. 

18. A method for making a plastic eyeglass lens, comprising the steps of: 

directing ultraviolet rays toward at least wie of several mold members to cure a lens forming composition 
placed in a mold cavity (82) so that it forms a lens with a back face, edges, and a front fece; characterized by 

placing a liquid polymerizable lens forming composition in a mold cavity defined by at least a gasket (80), a first 
mold member, and a second moW member (78); 

directing first ultraviolet rays toward at least one of the mokl members (78): 

removing the gasket (80) to expose the edges of the lens; 

applying a second composition to at least a portion of the exposed edges of the lens, the second conposition 
being bondable to the lens and substantially curable by exposure to ultraviolet light in the presence of oxygen; 
and 

directing second ultraviolet rays towards the lens. 

19. The method of daim 18 wherein a portion of the liquid lens forming conrposition proximate to the gasket remains a 
liquid after the first ultraviolet rays are directed towards at least one of the mold members. 

20. The method of claim 19. further comprising the step of renraving at least part of the remaining liquid lens-forming 
conrtposition from the lens after the gasket is ranoved but before the second ultraviolet rays are directed towards 
the lens. 

21 . The method of claim 1 9 wherein the lens is substantially dry after the second ultraviolet rays are directed towards 
the lens. 

22. The method of daim 19 wherein the second conposition bonds with the lens and the liquid lens fonning conposi- 
tron during application of the second ultraviolet rays to form a substantially dry surface on the lens. 

23. The method of daim 18 wherein less than about 5.0 ml of the second conrposition are applied to the lens. 
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24. The method of daim 18 wherein the second composition is substantially the same as the first composition except 
that the second composition has at least about five times the amount of photointtiator present. 

25. The method of claim 18 wherein the second composition comprises at least about five times the amount of pho- 
toinitiator as the lens forming composition. 

26. The method of daim 18. further comprising the additional step of directing third ultraviolet rays towards the lens 
before the second composition is applied. 

27. The method of daim 18, further comprising the additional step of directing third ultraviolet rays towards the lens 
before the gasicet is removed. 

28. A method for making a plastic ^eglass lens, comprising the steps of: 

directing ultraviolet rays toward at least one of several mold members to cure a lens forming composition 
placed in a mold cavity (82) so that it forms a lens with a back fiace, edges, and a front face; characterized by 

pladng a liquid polymerizabie lens fomiing composition in a mold cavity (82) defined by at least a gasket (80) 
, a first mold member, and a secord mold member (78); 

directing first ultraviolet rays at a first intensity toward at least one of the mold members (78) to cure the lens 
forming composition; 

directing second ultraviolet rays at an second intensity of at least about 10 times the intensity of the first ultra- 
violet rays towards the lens while the lens is still in the mold cavity (82); 

demolding the lens. 

29. The method of daim 28 wherein the first intensity totals less than about 10 mW/on^ and the second intensity is 
about 1 60-300 mW/cm^ at a wavelength range of about 360-370 nm. and about 50-150 mW/cm^ at a wavelength 
range of about 250-260 nm. 

30. The method of claim 28 wheren the first ultraviolet rays are drected for a time period of less than one hour. 

31 . The method of claim 28 wherein the second ultraviolet rays are directed for a time period of less than one minute. 

32. The method of claim 28 wherein a portion of the liquid lens forming corrposition proximate to the gasket remains a 
liquid after the first ultraviolet rays are directed towards at least one of the mold members. 

33. The method of claim 32 wherein at least a portion of the remaining liquid lens forming composition is cured after 
the second ultraviolet rays are directed towards the lens. 

34. The method of daim 28. further comprising the step of removing the gasket before the second ultraviolet rays are 
direded towards the lens. 

35. The method of daim 28 wherein the second ultraviolet rays are applied in an environment comprising less oxygen 
than air. 

36. The method of claim 34 wherein the second ultraviolet rays are applied in an environment corrprtsing less oxygen 
than air. 

37. The method of claim 35 wherein the environment comprises nitrogen. 

38. The method of daim 38 wherein the environment comprises nitrogen. 

39. An apparatus for making a plastic eyeglass lens, comprising: 

a first mold member; 
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a second mold member spaced apart from the first mold member, and the first and second mold members 
defining a moid cavity during use; 

an ultraviolet light generator for generating and directing ultraviolet light toward at least one of the first and sec- 
ond mold members during use; 
characterised by 

a sensor to measure ultraviolet light intensity during use; and 

a controller connected to the light sensor and which varies power to the ultraviolet light generator during use 
as the intensity of the ultraviolet light varies during use. 

40. The apparatus of daim 39 wherein the controller compares the ultraviolet light Intensity to a set value during usa 

41 . The apparatus of claim 39 wherein the controller varies voltage to the ultraviolet light generator during use as the 
intercity of the ultraviolet light varies during use. 

42. The apparatus of daim 39 wherein the controller increases power as the light intensity decreases during use, and 
vice versa. 

43. The apparatus of daim 39 wherein the controller increases voltage as the light intensity decreases during use. and 
vice versa. 

44. A lens obtainable by the method of any one of claims 1 , 5, 6, 7, 8, 1 3, 1 7, 1 8, 28. 
PatentansprQche 

1. Verfahren zur Herstellung einer Kunststoff-Augenglaslinse. umfassend die Schritte: 

Richten von Ultraviolettstrahlen auf wenigstens eines von mehreren Fomielementen, urn eine linsenbildende 
Zusammensetzung zu h&len, die in einen Formhohlraum (82) gegeben wurde, so daB sie eine Linse mit einer 
RQckseite. Rdndern und einer Vorderseite bildet. gekennzeichnetdurch 

Geben einer flQssigen polymerisierbaren linsenbildenden Zusammensetzung in einen Formhohlraum (82), der 

durch wenigstens eine Dichtung (80), ein erstes Fbrmelement und ein zweites Formelement (78) begrenzt ist. 

Richten von ersten Ultraviolettstrahten auf wenigstens eines der Formelemente (78). 

Entfernen der Dichtung (80), um die Render der Lir^e freizuiegen, 

Auftragen einer Sauerstoffspenre umdie freigelegten Rdnder der Unse herum und 

Richten von zweiten Ultraviolettstrahlen auf die Unse. 

2. Verfahren nach Anspruch 1 , b& dem die linsenbildende Zusammensetzung gehartet wird. um die Linse in weniger 
als einer Stunde zu bikJen. 

3. Verfahren nach Anspruch 1 , bei dem die linsenbildende Zusammensetzung gehartet wird, um die Linse in weniger 
als drelBig Minuten zu bilden. 

4. Verfahren nach Anspruch 1 . bei dem ein Teil der flQssigen linsenbildenden Zusammensetzung nahe bei der Dich- 
tung eine FIQssigkeit bleibt nachdem die ersten Ultraviolettstrahlen auf wenigstens eines der R)rmelemente 
gerichtet werden. 

5. Verfahren nach Anspruch 4. das darOber hinaus den Schritt des Entfernens von wenigstens einem Teil der verblei- 
benden flQssigen linsenbildenden Zusammensetzung von der Unse, nachdem die Dichtung entfernt ist, jedoch 
bevor die zweiten Ultraviolettstrahlen auf die Unse gerichtet werden. umfaSt 

8. Verfahren nach Anspruch 4, bei dem wenigstens ein Teil der verbleibenden flQssigen linsenbildenden Zusammen- 
setzung gehartet wird. nachdem die zweiten Ultraviolettstrahlen auf die Ur^ gaichtet werden. 

7. Verfahren nach Anspruch 1 , be dem die Unse im wesentlichen trocken ist, nachdem die zweiten Ultraviolettstrah- 
len auf die Unse gerichtet werden. 
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8. Verfahren nach Anspruch 1 , das darOber hinais den zusdtzlichen Schritt des Richtens von diitten Ultraviolettstrah- 
len auf die Linse. bevor die Sauerstoff^erre aufgetragen wird, umiaBt 

9. Verfahren nach Anspruch 1 , das darQber hinaus den zusdtzlichen Schrrtt des Richtens von drrtten Ultraviolettstrah- 
len auf die Linse. bevor die Dichtung entfernt wird. umfaBt 

10. Verfahren nach Anspruch 8. bei dem die dritten Ultraviolettstrahlen auf die ROckseite der Unse gerichtet weiden. 

1 1 . Verfahren nach Anspaich 1 , bei dem die zweiten Ultraviolettstrahlen auf die ROckseite der Linse gerichtet werden. 

12. Verfahren nach Anspruch 1. das daruber hinaus den zusatzilchen Schritt des Enwarmens der Unse. nachdem die 
Ultraviolettstrahlen auf die Linse gerichtet werden, um^BL 

13. Verfahren nach Anspruch 1, das darOber hinaus den Schritt der Steuerung der Intensitat der ersten Ultraviolett- 
strahlen umfaBt. indem die Energie. mit der die ersten Ultraviolettstrahlen versorgt werden. variiert wird. wenn die 
Intensitat der ersten Ultraviolettstrahlen wahrend der Venvendung variiert 

14. Verfahren nach Anspmch 1 . bei dem zwette Ultraviolettstrahlen wiederholt auf die Linse gerichtet werden. 

15. Verfahren nach Anspruch 8. bei dem dritte Ultraviolettstrahlen wiederiiolt auf die Unse gerichtet werden. 

16. Verfahren nach Anspruch 1 . das darOber hinaus den Schritt des Enwarmens des Fbrmsystems, bevor die Dichtung 
entf^Trt wird. umfaBt. 

17. Verfahren nach Anspruch 8, das darOber hinaus den Schrrtt des Enwarmens des Fomnsystems, bevor die dritten 
Ultraviolettstrahlen eingesetzt werden. umfaBt. 

18. Verfahren zur Herstellung einer Kunststoff-Augenglaslinse. unrtfassend die Schritte: 

Richten von Ultraviolettstrahlen auf wenigstens eines von mehreren Fonnelementen. um eine linsenbildende 
Zusammensetzung zu hartea die in einen Formhohlraum (82) gegeben wurde, so dafl sie eine Linse mit einer 
ROckseite. Randern und einer Vorderseite bildet, gekennzeichnetdurch 

Geben einer flOssigen polymerisierbaren linsenbildenden Zusammensetzung in einen Formhohlraum, der 
durch wenigstens eine Dichtung (80), an erstes Formelement und ein zweites Formelement (78) begrenzt ist, 

Richten von ersten Ultraviolettstrahlen auf wenigstens eines der Formelemente (78). 
Entternen der Dichtung (80), um die Rander der Linse freizulegen. 

Auftragen einer zweiten Zusammensetzung auf weni^ens einen Teil der freigelegten Rander der Linse. 
wobei die zwerte Zusammensetzung mit der Linse verbindbar und im wesentlichen durch Bestrahlung mit 
Ultraviolettiicht in Gegenwartvon Sauerstoff hartbar ist. und 
Richten .von zweiten Uttraviolettstrahlen auf die Linsa 

19. Verfahren nach Anspruch 18. bei dem ein Teil der flussigen linsenbildenden Zusammensetzung nahe bei der Dich- 
tung eine FlOssigkelt Weibt nachdem die ersten Ultraviolettstrahlen auf wenigstens eines der Formelemente 
gerichtet werden. 

20. Verfahren nach Anspruch 19, das darOber hinaus den Schritt des Entfemens von wenigstens einem Teil der ver- 
bleibenden flussigen linsenbildenden Zusammensetzung von der Unse. nachdem die Dichtting entfernt ist jedoch 
bevor die zweiten Ultraviolettstrahlen auf die Unse gerichtet werden. umfaBt 

21. Verfahren nach Anspruch 19. bei dem die Unse im wesentlichen trocken ist nachdem die zweiten Ultraviolettstrah- 
len auf die Unse gerichtet werden. 

22. Verfahren nach Anspruch 1 9, bei dem sich die zweite Zt^ammensetzung mil der Unse und d^ f IQssigen linsenbil- 
denden Zusammensetzung wahrend des Einsatzes der zweiten Ultraviolettstrahlen veriaindet um eine im wesent- 
lichen trockene Oberfiache auf der Unse zu bild^. 

23. Verfahren nach Anspruch 18, bei dem weniger als etwa 5.0 ml der zweiten Zusammensetzung auf die Unse auf- 
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getragen werden. 

24. Verfahren nach Anspruch 18. bei dem die zweite Zusammensetzung im wesenliichen die gleiche ist wie die erste 
Zusammensetzung, auQer da6 in der zweiten Zusammensetzung wenigstens etwa die f Qnflache Menge an Photo- 
initiator vorliegt. 

25. Verfahren nach Anspruch 18, bei dem die Menge an Photoinitiator in der zweiten Zusammensetzung wenigstens 
f Qnfmal so groB ist wie in der linsenblUenden Zusammensetzung. 

26. Verfahren nach Anspruch 18, das daruber hinaus den zusatzlichen Schritt des Richtens von dritten Ultravioletl- 
strahlen auf die Unse, bevor die zweite Zusammensetzung aufgetragen wird. umfaBt 

27. Verfahren nach Anspruch 18, das daruber hinaus den zusatzlichen Schritt des Richtens von dritten Ultravioletl- 
strahlen auf die Unse, bevor die Dichtung entfernt wird, umfaBt 

28. Verfahren zur Herstellung einer Kunststoff-Augenglaslinse, umfassend die Schrttte: 

Richten von Ultraviolettstrahlen auf wenigstens eines von mehreren Formelementen, um eine llnsenbiidende 
Zusammensetzung zu hfirten, die in einen Fomihohlraum (82) gegeben wurde, so da6 sie eine Linse mrt einer 
Ruckseite, Rdndern und einer Vorderseite bildet, gekennzeichnet durch 

Geben einer flQssigen poiymerisiertiaren linsaibiidenden Zusammensetzung in einen Fbrmhohlraum (82), der 
durch wenigstens eine Dichtung (80), ein erstes Fbrmelement und ein zweites FormeJement (78) begrenzt Ist. 
Richten von ersten Ultraviolettstrahlen mit einer ersten Intensitat auf weni^tens eines der Fbrmelemente (78). 
um die llnsenbiidende Zusammensetzung zu harten, 

Richten von zweiten Ultraviolettstrahlen mit einer zweiten Intensitat von wenigstens etwa lOmal der Intensitat 
der ersten Ultraviolettstrahlen auf die Linse. wahrend sich die Ijnse noch in dem Formhohlraum (82) befindet, 
Lfisen der Linse aus der Form. 

29. Verfahren nach Anspruch 28. bei dem sich die erste Intensitat auf weniger als etwa 10 mW/cm^ summiert und die 
zweite Intensitat bei einem Welleniangenbereich von etwa 360-370 nm etwa 150-300 rnW/cm^ und bei einem Wel- 
leniangenbereich von etwa 250-260 nm etwa 50-150 mW/cm^ betragt. 

30. Verfahren nach Anspruch 28, bei dem die ersten Ultraviolettstrahlen uber einen Zeitraum von weniger als einer 
Stunde eingesetzt werden. 

31. Verfahren nach Anspruch 28. bei dem die zweiten Ultraviolettstrahlen uber einen Zeitraum von weniger als eine 
Minute eingesetzt werden. 

32. Verfahren nach Anspruch 28, bei dem ein Teil derflussigen linsenbildenden Zusammensetzung nahe bei der Dich- 
tung eine RQssigkeit bleibt nachdem die ersten Ultraviolettstrahlen auf wenigstens eines der Fbrmelemente 
gerichtet werden. 

33. Verfahren nach Anspruch 32, bei dem wenigstens ein Teil der verbleibenden f lOssigen linsenbildenden Zusammen- 
setzung gehartet wird, nachdem die zweiten Ultraviolettstrahlen auf die Linse gerichtet werden. 

34. Verfahren nach Anspruch 28, das darOber hinaus den Schritt des Entfemens der Dichtung. bevor die zweiten Ultra- 
violettstrahlen auf die Linse gerichtet werden. umfaBt 

35. Verfahren nach Anspruch 28, bei dem die zweiten Ultravioletlstrahien in einer Umgebung mit weniger Sauerstoff 
als Luft eingesetzt werden. 

36. Verfahren nach Anspruch 34, bei dem die zweiten Ultraviolettstrahlen in einer Umgebung mit weniger Sauerstoff 
als Luft eingesetzt werden. 

37. Verfahren nach Anspruch 35, bd dem de Unigelxing Sticksloff enthait 

38. Verfahren nach Anspruch 36, bei dem de Umgebung Stictooff enthait 
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39. Vorrichtung zur Herstellung einer Kunststoff-Augenglaslinse. umfiassend: 

ein erstes Formelement. 

ein zweites Formelement das vom erst^ Formelement beabstandet ist. und vwobei das erste und das zweite 
Formelement wghrend der Verwendung einen Formhohlraum begrenzen, 

einen Ultraviolettlichterzeuger zum Erzeug^i und Richten von Uttraviolettlicht auf wenigstens eines der ersten 
und zweiten Fomielemente wfihrend der VenArendung, 
gekennzeichnet durch 

einen Sensor zur Messung der Ultraviolettfichtintensitai wdhrend der Venvendung und 

einen Regler, der mtt dem LIchtsensor verbunden tst und de Energieversorgung des Ultravlolettftchterzeugers 

wdhrend der Verwendung variiert, wenn die tntensitdt des Uttraviolettlichts wShrend der Verwendung variiert. 

40. Von-ichtung gemaB Anspruch 39. bei der der Regier die Ultraviolettlichtintensitat wahrend der Venwendung mil 
einem Sdlwert vergleicIrL 

41. Vorrichtung gemSB Anspruch 39. bei der der Regier die Spannung des UHraviolettlichterzeugers wdhrend der Ver- 
wendung variiert, wenn die Intensitat des Ultraviolettlichts wahrend der Venwendung variiert. 

42. Vorrichtung nach Anspruch 39, bei der der Regier die Energie erhOht. wenn die Lichtintensitat wahrend der Ver- 
wendung abnimmt und umgekehrt. 

43. Vorrichtung nach Anspruch 39, b© der der Regier die Spannung erhCht, wenn die Lichtintensitat wahrend der Ver- 
wendung abnimmt, und umgekehrt. 

44. Linse, die durch das Verfahren nach einem der AnsprOche 1. 5, 6, 7. 8. 13, 17. 18. 28 erhalten werden kann. 
Revendlcations 

1 . Proc6j6 de fabrication dune lentille de contact en mati^re plastique, comprenant les stapes consistant d : 

- dinger des rayons ultraviolets vers I'un au mdns de piusieurs ^l^ents de modes pour faire durcir une com- 
position de formation de lentilles placde dans une cavity de moule (82) de mani^re k ce qu'elle fbnme une len- 
tille avec une face an-i^e, des bords et une face avant. 

caract6rts6 par le fait de : 

- placer une composition liquide polym6risable de formation de lentilles dans une cavit6 de moule (82) d6f tnie 
par au moins un joint d'6tanch6it6 (80). un premier 616merTt de moule et un deuxi^me 6I6ment de moule (78). 

- dtrrger des premiers rayons uttraviolets vers Tun au moins des 6t6ments de moule (78). 

- retirer le joint d*^nch6itd (80) pour d6nuder les bords de la lentille, 

- appliquer une barridre contre Toxygdne autour des bords d6nud6s de la lentille, et 
• diriger des deuxi^mes rayons ultraviolets vers la lentille. 

2. Proc^6 seion la revendication 1 , dans leque! la composition de formation de lentilles est durde pour former la len- 
tille en moins d'une heure. 

3. Proc^6 selon la revendication 1 , dans lequel la composition de formation de lentilles est durde pour former la len- 
tille en moins de trente minutes. 

4. Proc6d6 selon la revendication 1 . dans lequel une partie de la composition de fornration de lentilles proche du joint 
d'6tanch6rt6 reste liquide apr^ que les premiers rayons uttraviolets ont ^6 dirig^s vers Tun au moins des 616mertts 
de moule. 

5. Proc6d6 selon la revendication 4. comprenant en outre l'6tape consistant a retirer de la lentille une partie au moins 
de la composition liquide restante de formation de lentilles, aprds avoir retire le joint d'dtanch^it^ mais avant de din- 
ger les deuxi^mes rayons ultravk)!^ vers la lentille. 

6. Proc6d6 selon la revendication 4, dans lequel une partie au moins de la composition liquide restante de formation 
de lentilles est durde aprte que les deuxi^es rayons ultravidets ont 6t6 dirigte vers la lentille. 
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7. Proc^6 selon la revendication 1 , dans lequet la lentille est sensiblement stehe une fois que les deuxi^es rayons 
ultraviolets ont 6t6 dirig^s vers la lentilla 

8. Proc6d6 selon la revendication 1 , oomprenant en outre i'dtape suppl^mentaire consistant k dinger des troisi^mes 
rayons ultraviolets vers la lentille avant rapplicat'on de la barridre contre Toxyg^ne. 

9. Proc^6 selon la revendication 1. oomprenant en outre P^tape suppl^mentaire consistant k dinger des troisi^mes 
rayons ultraviolets vers la lentille avant le retrait du joint d*6tanch6it6. 

10. Proc6d6 selon la revencfication 8, dans lequel les troisi6mes rayons ultraviolets sont dirig6s vers la face arri^re de 
la lentille. 

1 1 . Proc6d6 selon la revendication 1 , dans lequel les deuxl^mes rayons ultraviolets sont dirig6s vers la face arri6re de 
la lentille. 

12. Proc6d6 selon la revendication 1, comprenant en outre r6tape suppl6mentaire consistant k chauffer la lentille 
aprto avoir dirigd les deuxidmes rayons ultraviolets vers la lentille. 

13. Proc^6 selon la revendication 1, comprenant en outre I'^tape consistant k commander llntensit^ des premiers 
rayons ultraviolets en faisant varier la puissance foumie aux premiers rayons ultraviolets quand Hntensitd des pre- 
miers rayons ultraviolets varie en cours d'utilisation. 

14. Proc6d6 selon la revendication 1, dans lequel les deuxi^es rayons ultraviolets sont dirig6s vers la lentille de 
mani^re r§p6t§e. 

15. Proc^6 selon la revendication 8, dans lequel les troisi^mes rayons ultraviolets sont dirig^ vers la lentille de 
mani^re r^p^^e. 

16. Proc6d6 selon la revendication 1. comprenant en outre r6tape consistant k chauffer I'ensemble de moules avartt 
de retirer le joint d*^tanch6rt6. 

17. Proc6d6 selon la revendication 8, comprenant en outre r6tape consistant k chauffer I'ensemble de moules avant 
d'appliquer les troisidmes rayons ultraviolets. 

18. Proc6d6 de fabrication d'une lentille de contact en mati^re plastique. comprenant les 6tapes consistant k : 

- diriger des rayons ultraviolets vers I'un au moins de plusieurs dl^ments de moules pour faire durcir une com- 
position de fbrnrmtion de lentilles plac6e dans une cavit6 de moule (82) de mani^re k ce qu'elle forme une len- 
tille avec une face arri^re, des bords et une face avant. 

caract6ris6 par le fait de : 

placer une composition liquide polym6risable de fornretion de lentilles dans une,cavit6 de moule d^finie par au 
moins un joint d'6tanch6rt6 (80). un premier 6l^ent de moule et un deuxi^me §l6ment de moule (78), 

- diriger des premiers rayons ultraviolets vers I'un au moins des ^l^ments de moule (78). 

- retirer le joint d*6tanch6it6 (80) pour d6nuder les bords de la lentille, 

■ appllquer une deuxifeme composition k une partie au moins des bonds d6nud6s de la lentille, ia deuxifeme com- 
position pouvant se Her k la lentille et pouvant sensiblement durdr par exposition k une lumi^re ultraviolette en 
presence d'oxyg^ne. et 

- diriger des deuxi^mes rayons ultraviolets vers la lentille. 

19. Proc6d6 selon la revereJication 18. dans lequel une partie de la composition de formation de lentilles proche du 
joint d'6tanch6it6 reste liqukle aprks que les premiers rayons ultraviolets ont §t6 dirig6s vers I'un au moins des 6I§- 
ments de moula 

20. Proc6d6 selon fa revendication 19, comprenant en outre r6tape consistant k retirer de la lentille une partie au 
moins de la composition liquide restante de formation de lentilles, aprte avoir retir6 le joint d'6tanch6it§ mais avant 
de diriger les deuxi^es rayons ultraviolets vers la lentille. 

21. Proc6d6 selon la revendication 19, dans lequel la lentille est sensiblement s6che une fois que les deuxi§mes 
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rayons ultraviolets ont 6td dirigte vers la lentille. 

22. Proc^6 selon la revendication 19, dans lequel la deuxi^e composition se tie ^ la lentille et k ta contpositlon 
iiquide de formation de lentilles pendant rappllcation des deuxi^mes rayons ultraviotets pour former une surface 
sen^blement stehe sur ta lentilla 

23. Proc^^ selon la revendication 18, dans lequel on applique k la lentille moins denviron 5,0 ml de la deuxi^me com- 
position. 

24. Proc^§ selon la revendication 18. dans lequel la deuxi^me composition est sensiblement la mgme que la pre- 
mise composition, sauf que la deuxidme composition contient au moins environ cinq fois plus de photo-amorceur. 

25. Proc6d6 selon la reverxlication 18, dans lequel la deuxi^e composition contient au moins environ cinq fois plus 
de photo-amorceur que la premidre conposition de formation de lentilles. 

26. Proc^6 selon la revendication 18, comprenant en outre T^tape suppl^entaire consistent k diriger des troisi^mes 
rayons ultraviolets vers la lentille avantd'appliquer la deuxi^me composition. 

27. Proc^6 selon la revendication 18, comprenant en outre r6tape suppl^mentaire consistent k diriger des troisi^mes 
rayons ultraviolets vers la lentille avant de retirer le joint dtonch^ttd. 

28. Proc^6 de fabrication d'une lentille de contact en mati§re plastique, comprenant les 6tapes consistant k : 

• diriger des rayoris ultraviolets vers Tun au moins de plusieurs 6l6ments de moules pour faire durcir une com- 
position de formation de lentilles plac6e dans une cavity de moule (82) de mani^e k ce qu'elle forme une len- 
tille avec une face amdre, des bonds et une face avant. 
caract6ris6 par le fait de : 

placer une composition Iiquide polym^risable de fonnation de lentilles dans une cavit6 de moule (82] d^finie 
par au nx)ins un joint d'6tanch6it6 (80), un premier 6l6ment de moule et un deuxi^me 6l6ment de moule (78), 

- diriger des premiers rayons ultraviolets d*une premiere intensitd vers I'un au moins des 6l6ments de moule (78) 
pour faire durcir la composition de formation de lentilles. 

- diriger vers la lentille des deuxi^es rayons ultraviolets d'une deuxi^me intensity valant au moins environ 10 
fois I'intensit^ des premiers rayons ultraviolets alors que la lentille est toujours dans la cavity de moule (82), et 

- d^mouler la lentille. 

29. Proc6d6 selon ta revendication 28, dans lequel la premiere intensit6 est inf6rieure k environ 10 mW/cm^ et la 
deuxi^e intensit6 vaut environ 150 ^ 300 mW/cm^ pour une fourchette de longueurs d'onde de 360 k 370 nm 
environ, et environ 50 6 150 mW/cm^ pour une fourchette de longueurs d'onde de 250 k 260 nm environ. 

30. Proc6d6 selon la revendication 28. dans lequel les premiers rayons ultraviolets sont envoy6s pendant un laps de 
temps inf6rieur k une heure. 

31. Proc6d6 selon la revendication 28, dans lequel les deuxi^es rayons ultraviolets sont envoy6s pendant un laps de 
temps inf6rieur k une minute 

32. Proc6d6 selon la revendication 28. dans lequel une partie de la composition de formation de lentilles proche du 
joint d'6tanch6rt6 reste Iiquide apr6s que les premiers rayons ultraviolets ont 6t§ dirig6s vers Tun au moins des 616- 
ments de moula 

33. Proc6d6 selon la revendication 32, dans lequel une partie au moins de la composition Iiquide restante de formation 
de lentilles durctt une fois que les deuxl6mes rayons ultraviotets ont 6t6 dirig6s vers la lentille. 

34. Proc6d6 selon la revencfication 28, comprenant en outre r6tape consistant k retirer le joint d'6tanch6it6 avant de 
diriger les deuxi^mes rayons ultraviolets vers la lentille. 

35. Proc6d6 selon la revendication 28. dans lequel les deuxifemes rayons ultraviolets sont appliques dans un milieu qui 
contient moins d'oxyg6ne que I'alr. 
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36. Proc6d6 selon la revencfication 34. dans lequel les deuxi^mes rayons uttraviolets sont appliques dans un miiieu qui 
contient moins d'oxyg^ne que Pair. 

37. Proc^6 selon la revencfication 35. dans lequel le milieu contient de Tazota 

38. Proc6d6 selon la revendication 36. dans lequel le nuiieu contient de Pazote 

39. Machine servant k fabriquer une lentille de contact en nmti^re plastique. comprenarrt : 

un premier dl^ment de moule, 

un deiixi^e 6l6ment de moule espac6 du premier 6l6ment de moule, ies premier et deuxidme 6l6ments de 
moule d6f inissant en cours d'utilisation une cavrt6 de moule. 

- un disposrtrf de production de lumidre ultraviolette servant d produire une lumi^re uttraviolette et k la dinger, en 
cours d'utilisation. vers Tun au mdns des premier et deuxi^me 6l6ments de moule, 

caract6ris6 par : 

- un capteur servant k mesurer. en cours d'utilisation. Tintensit^ de la lumidre ultraviolette, et 

un appareil de commande coipld au capteur de lumi^re et qui fait varier la puissance fburnie en cours d'utili- 
sation au dispositif de production de lumi^re ultraviolette quand rintensit6 de la lumi^e ultraviolette varie en 
cours d'utilisation. 



40. Machine selon la revendication 39. dans laquelle Tappareil de commande compare en cours d'utilisation Tintensit^ 
de la tumi^e ultraviolette k une valeur d^finia 

41 . Machine selon la revendication 39. dans laquelle Tappareil de commande fait varier en cours d'utilisation la tension 
appliqu^e au dispositif de production de lumi^re ultraviolette quand I1ntensit6 de la lumi^re ultraviolette varie en 
cours d'utilisation. 



42. Machine selon la revendication 39. dans laquelle Tappareil de commande augmente la puissance quand I'intensit^ 
de la lumi^re diminue en cours d'utilisation, et vice-vesa. 

43. Machine selon la revendication 39. dans laquelle i'appareil de commande augmente la tension quand rintensit6 de 
la lumi^e diminue en cours d'utilisation, et vice-versa. 

44. Lentille pouvant §tre obtenue par le proc6d§ de I'une quelconque des revendications 1 , 5, 6, 7. 8, 1 3. 1 7, 1 8, 28. 
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FIG. 1 
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FIG. 4 
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FIG. 7 
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